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(57) The technique of the present invention im- 
proves the accuracy of calcu lating an amount of ink con- 
sumption in an ink reservoir used in a printer (20), which 
ejects ink stored in the ink reservoir (42, 43) and prints 
an image. In the printer (20) of the present invention, a 
weight of a single ink droplet is measured in advance 
under a preset reference condition. In the course of 
printing an image, the printer (20) detects an ink supply 
condition, which affects the weight of a single ink drop- 
let, and counts a number of ink droplets ejected. The 
amount of ink consumption is determined by correcting 
a product of the measured weight of a single ink droplet 
and the counted number of ink droplets based on a dif- 
ference between the detected ink supply condition and 
the preset reference condition. This arrangement calcu- 
lates the amount of ink consumption by taking into ac- 
count the ink supply condition, thereby improving the ac- 
curacy of calculation for the amount of ink consumption. 
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Description 

[0001 ] The present invention relates to a technique of 
causing ink droplets to be ejected on a printing medium, 
so as to print an image. More specifically the present 
invention pertains to a technique of accurately monitor- 
ing a residual quantity of ink remaining in an ink reservoir 
that stores the ink therein. 

[0002] Printers that cause ink droplets to be ejected 
on a printing medium to print an image are widely used 
as an output device of various images output from a 
computer or the like. Such a printer uses the ink stored 
in an ink reservoir to eject ink droplets, and thereby can 
not print an image after the ink in the ink reservoir is 
used up. 

[0003] Some techniques have accordingly been de- 
veloped to monitor the residual quantity of ink in the ink 
reservoir. One of such techniques installs a sensor in 
the ink reservoir to monitor the residual quantity of ink. 
This technique with the sensor enables the residual 
quantity of ink to be monitored directly. Another known 
technique multiplies the number of ink droplets ejected 
by a weight of a single ink droplet measured in advance, 
so as to calculate the amount of ink consumption, and 
estimates the residual quantity of ink in the ink reservoir 
from the calculated amount of ink consumption. Since 
the printer ejects ink droplets under the control of the 
computer, it is easy to count the total number of ink drop- 
lets ejected with the control computer. This technique 
enables the residual quantity of ink in the ink reservoir 
to be monitored without any specific sensor. 
[0004] When this known technique is applied to mon- 
itor the residual quantity of ink, there may be a significant 
difference between the actual remaining quantity of ink 
and the calculated remaining quantity of ink. As is known 
by those skilled in the art, the size of an ink droplet eject- 
ed from a nozzle depends upon the viscosity of the ink. 
One proposed technique takes into account a change 
of the viscosity according to the temperature of the ink, 
in order to improve the accuracy of calculating the re- 
sidual quantity of ink. This proposed technique can not, 
however, attain the sufficient accuracy. 
[0005] The object of the present invention is thus to 
precisely estimate an amount of ink consumption and 
thereby monitor a residual quantity of ink remaining in 
an ink reservoir with high accuracy. 
[0006] At least part of the above and the other related 
objects is attained by a printer having an ink jet head 
that ejects ink droplets and an ink reservoir that has a 
predetermined capacity to store ink, wherein the ink jet 
head ejects ink droplets to create ink dots on a printing 
medium and thereby print an image on the printing me- 
dium. The printer includes: a supply condition detection 
unit that detects an ink supply condition, which affects 
a supply of ink to the ink jet head; an ink ejecting number 
counter that counts an ink ejecting number ejected by 
the ink jet head; and a residual ink quantity monitor that 
monitors a residual quantity of ink remaining in the ink 



reservoir by taking into account the ink supply condition 
detected by the supply condition detection unit, based 
on the ink ejecting number counted by the ink ejecting 
number counter and the predetermined capacity of the 

5 ink reservoir. 

[0007] The present invention also provides a method 
of monitoring a residual quantity of ink, which corre- 
sponds to the printer of the present invention discussed 
above. Namely the present invention is directed to a 

10 method of monitoring a residual quantity of ink remain- 
ing in an ink reservoir, wherein the method is applied for 
a printer having an ink jet head that ejects ink droplets 
and the ink reservoir that has a predetermined capacity 
to store ink, and the ink jet head ejects ink droplets to 

15 create ink dots on a printing medium and thereby print 
an image on the printing medium. The method includes 
the steps of: (a) detecting an ink supply condition, which 
affects a supply of ink to the ink jet head; (b) counting 
an ink ejecting number ejected by the ink jet head; and 

20 (c) monitoring a residual quantity of ink remaining in the 
ink reservoir by taking into account the ink supply con- 
dition detected in the step (a), based on the ink ejecting 
number counted in the step (b) and the predetermined 
capacity of the ink reservoir. 

25 [0008] The printer or the corresponding method of the 
present invention detects the ink supply condition relat- 
ing to the supply of ink and counts the number of ink 
droplets ejected by the ink jet head. The structure takes 
into account the detected ink supply condition and mon- 

30 itors the residual quantity of ink in the ink reservoir based 
on the count of the ink ejecting number and the prede- 
termined capacity of the ink reservoir. The amount of ink 
ejected from the ink jet head depends upon the ink sup- 
ply condition. This arrangement of the present invention 

35 monitors the residual quantity of ink while taking into ac- 
count the ink supply condition, thereby enabling the re- 
sidual quantity of ink remaining in the ink reservoir to be 
monitored with high accuracy. 

[0009] In the printer and the corresponding method of 

40 the present invention, the weight of a single ink droplet 
measured in a specified state of the ink supply condition 
may be stored In advance as a unit amount of ink. In the 
process of printing an image, the procedure first detects 
the ink supply condition relating to the supply of ink and 

45 counts an ink ejecting number within a preset time pe- 
riod. The procedure then multiplies the count of the ink 
ejecting number by the measured weight of a single ink 
droplet while taking into account the detected ink supply 
condition, and determines the ejecting amount of ink 

50 within the preset time period. The ink ejecting number 
may be a number of ink droplets actually ejected by the 
ink jet head or any suitable variable that is readily count- 
ed and is convertible to the number of ink droplets. The 
procedure subsequently accumulates the ejecting 

55 amount of ink thus determined to give a cumulative 
amount of ink ejection and monitors the residual quantity 
of ink remaining in the ink reservoir based on the cumu- 
lative amount of ink ejection and the predetermined ca- 
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pacity of the ink reservoir. The arrangement o! taking 
into account the ink supply condition enables the precise 
calculation of the ejecting amount of ink and thereby en- 
ables the residual quantity of ink remaining in the ink 
reservoir to be monitored with high accuracy. 5 
[0010] In accordance with one preferable modifica- 
tion, the printer stores the volume of a single ink droplet 
as the unit amount of ink, instead of the weight of a single 
ink droplet. In the process of printing an image, the pro- 
cedure detects the ink supply condition and counts the 
ink ejecting number within the preset time period. The 
procedure then calculates the ejecting amount of ink 
within the preset time period from the stored volume of 
a single ink droplet and the count of the ink ejecting 
number while taking into account the detected ink sup- 
ply condition, and accumulates the ejecting amount of 
ink thus determined to monitor the residual quantity of 
ink remaining in the ink reservoir. This structure calcu- 
lates the ejecting amount of ink while taking into account 
the ink supply condition. This enables the ejecting 
amount of ink to be calculated precisely and thereby im- 
proves the accuracy of monitoring the residual quantity 
of ink. 

[0011] The following technique is preferably applica- 
ble to take into account the effect of the ink supply con- 
dition in the process of calculating the ejecting amount 
of ink within the preset time period. Thetechnique stores 
in advance adequate correction coefficients corre- 
sponding to a variety of ink supply conditions. The pro- 
cedure multiplies the weight of a single ink droplet, the 
count of the ink ejecting number within the preset time 
period, and the correction coefficient corresponding to 
the detected ink supply condition. This arrangement cor- 
rects a variation in weight of a single ink droplet accord- 
ing to the change of the ink supply condition and enables 
the ejecting amount of ink within the preset time period 
to be calculated with high accuracy. 
[0012] Another preferable application stores the 
weight of a single ink droplet ejected in each state of the 
ink supply condition corresponding to the each state of 
the ink supply condition, in place of the weight of a single 
ink droplet ejected in the specified state of the ink supply 
condition. The ejecting amount of ink within the preset 
time period is calculated by multiplying the count of the 
ink ejecting number by the weight of a single ink droplet 
corresponding to the detected state of the ink supply 
condition. This arrangement also enables the ejecting 
amount of ink to be calculated with high accuracy by tak- 
ing into account a possible variation in size of the ink 
droplet according to the ink supply condition. 
[001 3] In the printer of the present invention, it is pref- 
erable that the temperature of the ink supplied to the ink 
jet head is measured as the ink supply condition. The 
measurement of the temperature of ink enables the 
ejecting amount of ink to be calculated by taking into 
account the fact that an increase in viscosity of ink pre- 
vents a smooth supply of ink to the ink jet head. This 
arrangement accordingly improves the accuracy of 



monitoring the residual quantity of ink remaining in the 
ink reservoir. 

[0014] It is also preferable that the ink supply condi- 
tion is defined as a change of a condition with time ac- 
companied by the ejection of ink droplets; for example, 
the residual quantity of ink in the ink reservoir or the cu- 
mulative ink ejecting number. The detection of such con- 
ditions enables the ejecting amount of ink to be calcu- 
lated by taking into account the fact that the size of the 
ink droplet is affected by the residual quantity of ink in 
the ink reservoir and the increased viscosity of the ink 
over a long time period. This arrangement accordingly 
improves the accuracy of monitoring the residual quan- 
tity of ink remaining in the ink reservoir. 
[0015] It is further preferable that a condition depend- 
ing upon the composition of ink is detected as the ink 
supply condition. The condition depending upon the 
composition of ink may be a simple condition, such as 
the product number of ink representing the type of ink, 
as well as the types of the solvent and dye in the ink and 
its mixing ratio. The composition of ink generally de- 
pends upon the type of ink. The detection of the condi- 
tion depending upon the composition of ink enables the 
ejecting amount of ink to be calculated by taking into 
account the fact that the ink supply condition, such as 
the viscosity of ink, is varied with a variation in compo- 
sition. This arrangement accordingly improves the ac- 
curacy of monitoring the residual quantity of ink remain- 
ing in the ink reservoir. 

[001 6] In accordance with another preferable applica- 
tion of the present invention, the amount of ink to be 
supplied to the ink jet head may be determined as the 
ink supply condition. As described previously, the size 
of the ink droplet ejected is affected by the supply of ink 
fed to the ink jet head. The structure of determining the 
amount of ink to be supplied to the ink jet head and cal- 
culating the ejecting amount of ink based on the result 
of the determination enables the residual quantity of ink 
in the ink reservoir to be monitored with high accuracy. 
[0017] In the printer where the ink jet head ejects ink 
droplets to print an image while changing the relative 
position to the printing medium, it is preferable that a 
preset printing resolution is detected as the ink supply 
condition. The printing resolution here is an index rep- 
resenting a distance between adjoining ink dots created 
on the printing medium when the ink jet head succes- 
sively ejects ink droplets while changing the relative po- 
sition to the printing medium. A typical index represent- 
ing the printing resolution is dpi, that is, a number of ink 
dots that can be created per inch. For example, the print- 
ing resolution of 720 dpi means that 720 ink dots may 
be created per inch. In such a printer, the printing reso- 
lution may be changed according to the desired printing 
quality and printing speed. The higher printing resolution 
may increase the number of ink droplets ejected per unit 
time. This leads to a shortage of the ink supply and caus- 
es smaller ink droplets to be ejected. Because of the 
relationship between the printing resolution and the size 
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of the ink droplet, the detection of the printing resolution 
as the ink supply condition readily improves the accura- 
cy of calculation of the ejecting amount of ink and ena- 
bles the residual quantity of ink in the ink reservoir to be 
monitored with high accuracy. 

[0018] In such a printer, it is also preferable that a re- 
cording mode is detected as the ink supply condition. 
The recording mode here represents the number of rel- 
ative movements of the ink jet head to the printing me- 
dium required to complete one raster line. The raster 
line means a line of ink dots formed when the head 
ejects ink droplets while changing the relative position 
to the printing medium. In the case where a high printing 
quality is required, the printer may form one raster line 
by a plurality of relative movements of the ink jet head 
to the printing medium, instead of one relative move- 
ment. Printing one raster line by a plurality of scans nat- 
urally reduces the number of ink droplets ejected in each 
scan. Printing one raster line by one scan, on the other 
hand, increases the number of ink droplets ejected with- 
in a short time period. This causes small ink droplets to 
be ejected. The structure of detecting the recording 
mode as the ink supply condition thus readily improves 
the accuracy of calculation of the ejecting amount of ink. 
[0019] In accordance with still another preferable ap- 
plication of the present invention, a dot pattern, which 
is an arrangement of ink dots formed on the printing me- 
dium, may be detected as the ink supply condition. This 
arrangement enables the ejecting amount of ink to be 
calculated by taking into account the fact that the size 
of the ink droplet ejected is affected by the dot pattern. 
This accordingly enables the residual quantity of ink in 
the ink reservoir to be monitored with high accuracy. 
[0020] It is preferable that a relative driving frequency 
is detected as the dot pattern. The relative driving fre- 
quency here is an index representing the time-based 
frequency at which each nozzle ejects ink droplets. The 
concrete definition is given below. It is assumed that a 
certain nozzle ejects ink droplets to create dots while 
moving on the printing medium. A certain dot created 
on the printing medium is specified as a target dot. In 
the case where a dot has been created immediately be- 
fore the target dot, that is, when dots are successively 
created, the relative driving frequency of the target dot 
is defined as 100%. In the case where no dot has been 
created immediately before the target dot and an adjoin- 
ing dot is apart from the target dot by the interval of one 
dot, the relative driving frequency of the target dot is de- 
fined as 50%. In a similar manner, in the case where an 
adjoining dot is apart from the target dot by the interval 
of two dots, the relative driving frequency of the target 
dot is defined as 33%. In the case where an adjoining 
dot is apart from the target dot by the interval of three 
dots, the relative driving frequency of the target dot is 
defined as 25%. The size of the ink droplet ejected from 
the nozzle is varied with a variation in relative driving 
frequency of the dot formed by the ink droplet. The de- 
tection of the relative driving frequency as the dot pat- 



tern thus enables the ejecting amount of ink to be cal- 
culated by taking into account this factor and thereby 
improves the accuracy of monitoring the residual quan- 
tity of ink remaining in the ink reservoir. 
5 [0021] In the printer having the ink jet head that can 
simultaneously create a plurality of ink dots, it is prefer- 
able that a driving duty is detected as the dot pattern. 
The driving duty here is an index representing a ratio of 
the number of ink dots created simultaneously to the 
number of ink dots that can be created simultaneously 
by the ink jet head. The concrete definition is given be- 
low. It is here assumed that 48 dots can be created si- 
multaneously on the printing medium. When 1 2 dots are 
created simultaneously, the driving duty is defined as 
25%. When 24 dots are created simultaneously, the 
driving duty is defined as 50%. The size of the ink droplet 
ejected from the nozzle is affected by the driving duty. 
The structure of calculating the ejecting amount of ink 
by detecting the driving duty and taking into account this 
factor accordingly enables the residual quantity of ink in 
the ink reservoir to be monitored with high accuracy. 
[0022] In such a printer, it is also preferable that the 
number of ink dots created simultaneously is deter- 
mined to be greater than a preset value (first recording 
condition) or not greater than the preset value (second 
recording condition) as the dot pattern. The size of the 
ink droplet is also varied according to the difference of 
the recording condition. The structure of calculating the 
ejecting amount of ink by taking into account this factor 
accordingly enables the residual quantity of ink in the 
ink reservoir to be monitored with high accuracy. 
[0023] A plurality of ink dots that can be created si- 
multaneously may be divided into a plurality of groups, 
based on a specific relationship. In this case, it is pref- 
erable that the driving duty is detected for each group. 
[0024] The following describes the division of the plu- 
rality of groups based on the specific relationship. By 
way of example, in the printer having a plurality of ink 
chambers, some of the adjoining ink chambers may re- 
ceive supplies of ink via an identical ink supply conduit, 
because of some manufacturing reasons. One applica- 
ble technique for ejecting ink droplets drives an actuator 
to vibrate a vibrating plate, which defines a top plate of 
the ink chamber, and thereby causes ink droplets to be 
ejected. Because of some manufacturing reasons, one 
long vibrating plate may form a common top plate of the 
adjoining ink chambers. In such cases, the ink cham- 
bers having the common ink supply conduit or the ink 
chambers having the common vibrating plate are includ- 
ed in the same group. 

[0025] One available arrangement counts the ink 
ejecting number within the preset time period with re- 
spect to each group and calculates the ejecting amount 
of ink from the ink ejecting number and the weight of a 
single ink droplet while taking into account the driving 
duty of each group. This arrangement improves the ac- 
curacy of calculation of the ejecting amount of ink and 
thereby enables the residual quantity of ink in the ink 
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reservoir to be monitored with high accuracy. 
[0026] In accordance with one preferable application 
of the present invention, the mechanism for ejecting ink 
droplets has an optical sensor that measures the inten- 
sity of reflected light from the printing medium. The op- 
tical sensor may be used to detect an arrangement of 
ink dots actually formed on the printing medium. This 
arrangement enables the ejecting amount of ink to be 
calculated by taking into account the difference in ar- 
rangement of ink dots actually formed on the printing 
medium, thereby further improving the accuracy of mon- 
itoring the residual quantity of ink in the ink reservoir. 
[0027] The following arrangement may be adopted in 
the printer having the ink jet head that can eject at least 
two different types of ink droplets having different sizes. 
The arrangement stores in advance the weight of each 
type of ink droplet possibly created. The arrangement 
counts the ink ejecting number within the preset time 
period and calculates the ejecting amount of ink with re- 
spect to each type of ink droplet. The procedure may 
sum up the ejecting amounts of ink within the preset time 
period for the respective types of ink dots and accumu- 
late the total ejecting amount of ink. In the printer that 
can eject at least two different types of ink droplets hav- 
ing different sizes, this arrangement precisely calculates 
the ejecting amount of ink and enables the residual 
quantity of ink in the ink reservoir to be monitored with 
high accuracy. 

[0028] Another possible procedure stores the weight 
of a single ink droplet, for example, only for the smallest 
ink dot and relative factors to the smallest ink dot for the 
other ink dots. This procedure counts the ink ejecting 
number within the preset time period as the ink ejecting 
number corresponding to the smallest ink dots formed 
on the printing medium. The ejecting amount of ink may 
be calculated from the count of the ink ejecting number 
and the weight of ink for the smallest ink dot. In the print- 
er that can create at least two different types of ink dots 
having different sizes, this arrangement improves the 
accuracy of calculation of the ejecting amount of ink and 
enables the residual quantity of ink in the ink reservoir 
to be monitored with high accuracy. This procedure fa- 
vorably simplifies the process of calculation, compared 
with the above procedure that separately calculates the 
ejecting amount of ink for each type of ink dot and then 
sums up the ejecting amounts of ink. 
[0029] The following arrangement may be adopted to 
monitor the residual quantity of ink for each color in the 
printer that has an ink reservoir storing a plurality of inks 
having various colors and causes ink droplets of the var- 
ious colors to be ejected to create ink dots of the various 
colors on the printing medium. The arrangement counts 
the ink ejecting number within the preset time period for 
each color, and calculates the ejecting amount of ink for 
each color from the count of the ink ejecting number for 
each color and the weight of a single ink droplet. The 
arrangement accumulates the ejecting amount of ink to 
give a cumulative amount of ink ejection with respect to 



each color and monitors the residual quantity of each 
color ink in the ink reservoir based on the cumulative 
amount of ink ejection and a predetermined capacity of 
each color ink. In the printer that can create ink dots of 
5 various colors with the various color inks, this arrange- 
ment precisely calculates the ejecting amount of ink for 
each color ink and enables the residual quantity of each 
color ink in the ink reservoir to be monitored with high 
accuracy. 

[0030] In accordance with another preferable applica- 
tion of the present invention, an alarm may be given 
when the difference between the cumulative amount of 
ink ejection and the predetermined capacity of the ink 
reservoir becomes not greater than a predetermined 
value. The alarm may be an alarm lamp, a buzzer, or a 
message displayed on the CRT The operation of 'giving 
an alarm* includes not only that the printer directly gives 
an alarm to the user but that the printer gives an alarm 
to another apparatus, for example, a computer that con- 
trols the printer. The degree of alarm may be changed 
according to the magnitude of the difference. For exam- 
ple, the color of the alarm lamp or the sound of the buzz- 
er may be changed according to the magnitude of the 
difference. The structure of giving an alarm facilitates 
the monitor of the residual quantity of ink in the ink res- 
ervoir. Here the only requirement for giving an alarm is 
that the difference between the cumulative amount of 
ink ejection and the predetermined capacity of the ink 
reservoir substantially becomes not greater than a pre- 
determined value. By way of example, when the ratio of 
the cumulative amount of ink ejection to the predeter- 
mined capacity of the ink reservoir becomes not less 
than a preset level, it may be determined that the differ- 
ence substantially becomes not greater than the prede- 
termined value. 

[0031] Another available arrangement informs the us- 
er of the ratio of the cumulative amount of ink ejection 
to the predetermined capacity of the ink reservoir in the 
form of a digital or analogous display. For example, a 
specific display mounted on the printer or the screen of 
the computer for controlling the printer may be used to 
give such information. This arrangement further facili- 
tates the monitor of the residual quantity of ink in the ink 
reservoir. 

[0032] Any other suitable method for the printer may 
be applied to give an alarm or information. One possible 
method shows how many A4 printing sheets can be 
printed with the residual quantity of ink. The application 
of the suitable method for the printer facilitates the mon- 
itor of the residual quantity of ink in the ink reservoir. 
[0033] In the printer that carry out head maintenance 
operations, wh ich force the in k jet head to eject in k drop- 
lets, in order to maintain the ejecting state of ink drop- 
lets, the type of the head maintenance operation may 
be detected as the ink supply condition. There may be 
a variety of head maintenance operations. For example, 
the head maintenance operation may be carried out to 
prevent the ejecting state of ink droplets from being 
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worsened or to recover the worsened ejecting state of 
ink droplets. The latter includes the operations to recov- 
er the slightly worsened ejecting state and the signifi- 
cantly worsened ejecting state. The size of the ink drop- 
let forcibly ejected depends upon the type of the head s 
maintenance operation. Detecting the type of the head 
maintenance operation accordingly enables the ejecting 
amount of ink during the head maintenance operation 
to be calculated with high accuracy, thereby improving 
the accuracy of monitoring the residual quantity of ink. 
One modified structure carries out the detection of the 
ink supply condition and the count of the ink ejecting 
number during the head maintenance operation and ac- 
cumulates the ejecting amount of ink. This arrangement 
also improves the accuracy of monitoring the residual 
quantity of ink. 

[0034] The method of monitoring the residual quantity 
of ink according to the present invention may be attained 
by combining a printer that ejects ink stored in the ink 
reservoir with a computer that controls the printer and 
causing the computer to carry out predetermined proc- 
esses, such as counting the ink ejecting number. One 
possible application of the present invention is accord- 
ingly a recording medium, in which a program for carry- 
ing out the predetermined processes is stored in a com- 
puter readable manner. Namely the present invention is 
directed to a recording medium, in which a program for 
monitoring a residual quantity of ink remaining in an ink 
reservoir is recorded in a computer readable manner. 
The program is applied for a printer having an ink jet 
head that ejects ink droplets and the ink reservoir that 
has a predetermined capacity to store ink, wherein the 
ink jet head ejects ink droplets to create ink dots on a 
printing medium and thereby print an image on the print- 
ing medium. The program causes a computer to carry 
out the functions of: detecting an ink supply condition, 
which affects a supply of ink to the ink jet head; counting 
an ink ejecting number ejected by the ink jet head; and 
monitoring a residual quantity of ink remaining in the ink 
reservoir by taking into account the detected ink supply 
condition, based on the count of the ink ejecting number 
and the predetermined capacity of the ink reservoir. 
[0035] The computer reads the program stored in 
such a recording medium and carries out the required 
processes including the detection of the ink supply con- 
dition, the count of the ink ejecting number, and the mon- 
itor of the residual quantity of ink. This arrangement en- 
ables the residual quantity of ink remaining in the ink 
reservoir to be monitored with high accuracy by taking 
into account a variation in ink supply condition. 
[0036] One preferable application of the printer ac- 
cording to the present invention corrects the count of the 
ink ejecting number according to the ink supply condi- 
tion and monitors the residual quantity of ink remaining 
in the ink reservoir based on the corrected ink ejecting 
number and the predetermined capacity of the ink res- 
ervoir. The concrete arrangement of this application is 
discussed below. 



[0037] The structure of this application measures an 
ink weight of a unit ink ejecting number under a preset 
condition (reference condition), divides the predeter- 
mined capacity of the ink reservoir by the measured ink 
weight to calculate a factor, and stores the factor as a 
preset value corresponding to the predetermined ca- 
pacity of the ink reservoir. Namely the factor represents 
the ratio of the ink weight corresponding to the ink eject- 
ing number under the reference condition to the prede- 
termined capacity of the ink reservoir. In the process of 
printing an image, this structure counts the ink ejecting 
number while carrying out the correction according to 
the ink supply condition. The residual quantity of ink re- 
maining in the ink reservoir is monitored using the cor- 
rected count of the ink ejecting number and the preset 
value stored in advance. This arrangement enables the 
residual quantity of ink to be monitored with high accu- 
racy by taking into account a change of the ink supply 
condition. 

[0038] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments with the accompanying 
drawings. 

Fig. 1 schematically illustrates the structure of a 
printing system in a first embodiment according to 
the present invention; 

Fig. 2 is a block diagram conceptually illustrating a 
software configuration of the printing system; 
Fig. 3 is a block diagram illustrating another soft- 
ware configuration of the printing system; 
Fig. 4 schematically illustrates the structure of a 
color printer 20 in this embodiment.; 
Fig. 5 shows the appearance of an ink cartridge 
used in the color printer 20 of this embodiment; 
Fig. 6A shows the sectional structure of nozzles in 
the color printer 20 of this embodiment; 
Fig. 6B shows the principle of creating dots in the 
color printer 20 of this embodiment; 
Fig. 7 shows an arrangement of nozzles in the color 
printer 20 of this embodiment; 
Fig. 8A shows driving waveforms used to create 
dots of different sizes; 

Fig. 8B shows a process of ejecting a small dot; 
Fig. 8C shows a process of ejecting a large dot; 
Fig. 9 shows driving waveforms of the nozzle in the 
color printer 20 of this embodiment and dots created 
in response to the driving waveforms; 
Fig. 10 illustrates the internal structure of a control 
circuit 60 in the color printer 20 of this embodiment; 
Fig. 11 shows a process in which each of ink jet 
heads 44 through 47 receives data from a drive buff- 
er 67 and creates dots in this embodiment; 
Fig. 1 2 is a flowchart showing an image processing 
routine executed in this embodiment; 
Fig. 1 3 illustrates the software configuration of a re- 
sidual ink quantity monitoring module 100 in this 
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embodiment; 

Fig. 1 4 is a flowchart showing a residual ink quantity 
monitoring routine executed in this embodiment; 
Fig. 1 5 shows an exemplified display of the residual 
quantity of ink in the color printer 20 of this embod- s 
iment; 

Fig. 1 6A shows an example of the temperature cor- 
rection coefficient used in this embodiment; 
Fig. 1 6B shows an example of the residual ink quan- 
tity correction coefficient used in this embodiment; 10 
Fig. 16C shows characteristics of the ink droplet 
weight against the relative driving frequency when 
the driving waveform is not changed according to 
the temperature of ink; 

Fig. 16D shows characteristics of the ink droplet is 
weight against the relative driving frequency when 
the driving waveform is changed according to the 
temperature of ink; 

Fig. 17 shows the memory configuration of the re- 
sidual ink quantity monitoring module 100 in this 20 
embodiment; 

Fig. 18 shows the structure of a measurement ap- 
paratus used to determine a variety of correction co- 
efficients in this embodiment; 

Fig. 1 9 shows an example of a predetermined im- 25 
age printed on a sheet of specific printing paper in 
the process of determining the variety of correction 
coefficients in this embodiment; 
Fig. 20A shows exemplified settings of the correc- 
tion coefficient corresponding to the driving fre- 30 
quency in this embodiment; 
Fig. 20B shows exemplified settings of the correc- 
tion coefficient corresponding to the driving duty in 
this embodiment; 

Fig. 21 is a flowchart showing a dot pattern correc- 35 
tion coefficient calculation routine executed in this 
embodiment; 

Fig. 22 A shows an example of dot data read to de- 
termine the dot pattern correction coefficient; 
Fig. 22B shows a process of calculating the dot pat- 40 
tern correction coefficient; 
Fig. 23A shows a matrix of correction coefficients 
based on the driving frequency, which is obtained 
from the dot data of Fig. 22A; 

Fig. 23B shows a matrix of correction coefficients *s 
based on the driving duty, which is obtained from 
the dot data of Fig. 22A; 

Fig. 23C shows a matrix of correction coefficients 
based on both the driving frequency and the driving 
duty; so 
Fig. 24 illustrates a software configuration of the re- 
sidual ink quantity monitoring module 100 in a sec- 
ond embodiment according to the present inven- 
tion; 

Fig. 25 is a flowchart showing a dot pattern correc- ss 
tion coefficient calculation routine executed in a 
third embodiment according to the present inven- 
tion; 



Fig. 26 is a flowchart showing a residual ink quantity 
monitoring routine executed by taking into account 
the amount of ink consumption during head main- 
tenance operations; 

Fig. 27 A conceptually illustrates a typical structure 
of an ink ejecting mechanism; and 
Fig. 27B shows an interface of ink or a meniscus in 
a nozzle in the typical ink ejecting mechanism. 

A. Structure of System 

[0039] Fig. 1 schematically illustrates the structure of 
a printing system in a first embodiment according to the 
present invention. As illustrated, the printing system in- 
cludes a color scanner 21 and a color printer 20 con- 
nected to a computer 80. The printing system functions 
as a whole when the computer 80 loads and executes 
a selected program. A color original to be printed is con- 
verted into color image data ORG, which are recogniz- 
able by the computer 80, by the color scanner 21 and 
input into the computer 80. The computer 80 executes 
preset image processing to convert the input color im- 
age data ORG into printer-printable image data and out- 
puts the printer-printable image data to the color printer 
20. The image data dealt with by the computer 80 regard 
images taken in by the color scanner 21 as well as im- 
ages created on the computer 80 according to a variety 
of applications programs 91 and images taken in by the 
color scanner 21 and further processed. The results of 
conversion of the image data are output as printer-print- 
able image data FNL to the color printer 20. The color 
printer 20 creates ink dots of the respective colors on a 
printing sheet according to the image data FNL. This re- 
sults in creating a color image corresponding to the color 
image data output from the computer 80 on the printing 
sheet. 

[0040] The computer 80 includes a CPU 81 that exe- 
cutes a variety of operations, a ROM 82, a RAM 83, an 
input interface 84, an output interface 85, a CRT con- 
troller (CRTC) 86, a disk controller (DDC) 87, and a se- 
rial input/output interface (SIO) 88. These elements are 
mutually connected via a bus 89 to enable transmission 
of data. The CRTC 86 controls signal outputs to a color 
display or CRT 23. The DDC 87 controls transmission 
of data to and from a flexible disk drive 25, a hard disk 
26, and a CD-ROM drive (not shown). A variety of pro- 
grams loaded to the RAM 83 and executed by the CPU 
81 as well as a variety of programs supplied in the form 
of a device driver are stored in the ROM 82 and the hard 
disk 26. Connecting the SIO 88 via a modem 24 to a 
public telephone network PNT enables required data 
and programs to be downloaded from a server SV on 
an external network into the hard disk 26. 
[0041] When a power is supplied to the computer 80, 
the operating system stored in the ROM 82 and the hard 
disk 26 is activated and the variety of applications pro- 
grams 91 work under the control of the operating sys- 
tem. 
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[0042] An ink jet printer that ejects four different color 
inks, that is, cyan, magenta, yellow, and black, on a 
printing sheet to print a color image is applied in this 
embodiment for the color printer 20, although another 
printer that can print a color image may be used as the s 
color printer 20. The color printer may use six color inks, 
that is, light cyan and light magenta in addition to the 
above four color inks. An ink ejecting mechanism of the 
ink jet printer used in this embodiment utilizes piezoe- 
lectric elements PE as discussed later, although the 
printer may have a head that ejects ink by another avail- 
able mechanism. One of such available mechanisms 
supplies electricity to a heater disposed in an ink conduit 
and utilizes bubbles produced in the ink conduit to eject 
ink. 

[0043] The color printer 20 of this embodiment is a 
variable dot printer that enables three different sizes of 
dots, that is, large dots, medium dots, and small dots, 
to be created with respect to each color. The color printer 
20 of this embodiment adopts a suitable ink ejecting 
technique to enable the three different sizes of dots to 
be created with a single ink eject nozzle. The details of 
this ink ejecting technique will be discussed later. As' 
clearly understood from the description of the ink eject- 
ing technique, the dots are not restricted to the three 
different sizes. The technique may be applicable to two 
different sizes of dots, that is, large dots and small dots, 
and further to four or more different sizes of dots. 
[0044] Fig. 2 is a block diagram conceptually illustrat- 
ing a software configuration of the printing system. In 
the computer 80, all the applications programs 91 work 
under an operating system. A video driver 90 and a print- 
er driver 92 are incorporated in the operating system. 
Image data of the respective applications programs 91 
are output from these drivers to the color printer 20 via 
a data input/output module 97. 
[0045] When the applications program 91 issues a 
printing instruction, the printer driver 92 of the computer 
80 receives the image data from the applications pro- 
gram 91 and executes preset image processing to con- 
vert the input image data into the printer-printable image 
data. As conceptually shown in Fig. 2, the image 
processing executed by the printer driver 92 mainly con* 
sists of four modules, a resolution conversion module 
93, a color conversion module 94, a halftone module 95, 
and an interlace module 96. The details of the image 
processing executed by each module will be discussed 
later. The image data received by the printer driver 92 
are converted by these modules and output as the final 
image data FNL to the color printer 20 via the data input/ 
output module 97. 

[0046] The printing system of this embodiment pre- 
cisely estimates a ejecting amount of ink and thereby 
monitors the residual quantity of ink with high accuracy. 
This function is carried out by a residual ink quantity 
monitoring module, which is typically incorporated in the 
color printer. The residual ink quantity monitoring mod- 
ule transmits information to and from the interlace mod- 



ule 96 in the computer 80 to monitor the residual quantity 
of ink. For convenience of explanation, it is thus as- 
sumed that a residual ink quantity monitoring module 
100 is incorporated in the printer driver 92. The residual 
ink quantity monitoring module 100 may, however, be 
incorporated in the color printer 20 as illustrated in Fig. 
3. The printer 20 of this embodiment only functions to 
create dots according to the image data FNL, but part 
of the other functions, such as the image processing and 
the monitor of the ink ejecting amount, may be carried 
out by the color printer 20. 

[0047] Fig. 4 schematically illustrates the structure of 
the color printer 20 in this embodiment. As illustrated, 
the color printer 20 includes a mechanism for driving an 
ink jet head 41 mounted on a carriage 40 to eject ink 
and create dots, a mechanism for activating a carriage 
motor 30 to cause the carriage 40 to reciprocate along 
an axis of a platen 36, a mechanism for activating a 
sheet feed motor 35 to feed a printing sheet R and a 
control circuit 60. The mechanism of reciprocating the 
carriage 40 along the axis of the platen 36 includes a 
sliding shaft 33 that is spanned in parallel with the axis 
of the platen 36 to support the carriage 40 in a slidable 
manner, an endless drive belt 31 spanned between the 
carriage motor 30 and a pulley 32, and a position detec- 
tor sensor 34 that locates the origin of the carriage 40. 
The mechanism of feeding the printing sheet P includes 
the platen 36, the sheet feed motor 35 that rotates the 
platen 36, a sheet feed auxiliary roller (not shown), and 
a gear train (not shown) that transmits the rotation of the 
sheet feed motor 35 to the platen 36 and the sheet feed 
auxiliary roller. The control circuit 60 adequately controls 
the operations of the sheet feed motor 35, the carriage 
motor 30, and the ink jet head 41 and further controls 
display of a residual ink quantity display panel 58 includ- 
ed in the printer 20, while transmitting signals to and 
from a control panel 59 of the printer 20. The printing 
sheet P supplied to the color printer 20 is placed be- 
tween the platen 36 and the sheet feed auxiliary roller 
and fed by a preset amount according to the rotational 
angle of the platen 36. 

[0048] A black ink cartridge 42, in which black (K) ink 
is stored, and a color ink cartridge 43, in which cyan (C), 
magenta (M), and yellow (Y) inks are stored, contact 
switches 71 and 72 (see Fig. 10) that detect the attach- 
ment and detachment of the ink cartridges 42 and 43 to 
and from the carriage 40, and a temperature sensor 37 
that measures the temperature of the ink jet head 41 are 
mounted on the carriage 40. As illustrated in Fig. 5, both 
the ink cartridges 42 and 43 have a projection 55. When 
either of the ink cartridges 42 and 43 is attached to the 
carriage 40, the corresponding contact switch of the car- 
riage 40 is pressed by the projection 55 to close the con- 
tact. Detachment of the ink cartridge 42 or 43 from the 
carriage 40, on the other hand, causes the correspond- 
ing contact to be open and inform the user of replace- 
ment of the ink cartridge. The ink cartridges 42 and 43 
have an identification label 56 as shown in Fig. 5. Vari- 
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ous pieces of information, such as the product type, the 
production number, and the ink capacity of the ink car- 
tridge, are indicated by a barcode on the identification 
label 56. 

[0049] The ink jet head 41 mounted on the carriage 5 
40 has ink jet heads 44, 45, 46, and 47 corresponding 
to the respective inks K, C, M, and Y. Supply conduits 
(not shown) for the respective inks are formed upright 
in the bottom portion of the carriage 40. When the ink 
cartridges 42 and 43 are attached to the carriage 40, 
inks stored in the ink cartridges 42 and 43 are supplied 
to the ink jet heads 44 through 47 via the supply con- 
duits. The ink supplied to each ink jet head is jetted from 
the ink jet head 41 according to the method discussed 
below and creates dots on the printing sheet. 
[0050] Fig. 6A shows the internal structure of the ink 
jet head 41 . Forty eight nozzles Nz are formed in each 
of the ink jet heads 44 through 47 corresponding to each 
color. Each nozzle has an ink conduit 50 and a piezoe- 
lectric element PE arranged on the ink conduit 50. As is 
known by those skilled in the art, the piezoelectric ele- 
ment PE deforms its crystal structure by application of 
a voltage and implements an extremely high-speed con- 
version of electrical energy into mechanical energy. In 
this embodiment, when a preset voltage is applied be- 
tween electrodes on either end of the piezoelectric ele- 
ments PE for a predetermined time period, the piezoe- 
lectric element PE is expanded for the predetermined 
time period to deform one side wall of the ink conduit 
50. The volume of the ink conduit 50 is accordingly re- 
duced according to the expansion of the piezoelectric 
element PE. A certain amount of ink corresponding to 
the reduction is jetted as an ink particle Ip from the noz- 
zle Nz at a high speed. The ink particle Ip soaks into the 
printing sheet P set on the platen 36 and creates a dot 
on the printing sheet P. 

[0051] Fig. 7 shows an arrangement of ink jet nozzles 
Nz on the ink jet heads 44 through 47. Four sets of noz- 
zle arrays, from which the respective color inks are 
ejected, are formed in the bottom faces of the respective 
ink jet heads 44 through 47. Each set of nozzle array 
includes forty eight nozzles Nz arranged in zigzag at a 
preset nozzle pitch k. The forty eight nozzles Nz includ- 
ed in each nozzle array may be arranged in alignment, 
instead of in zigzag. The zigzag arrangement shown in 
Fig. 7, however, has an advantage that the nozzle array 
can be designed to have a small nozzle pitch k. 
[0052] Referring to Fig. 7, the ink jet heads 44 through 
47 of the respective color are shifted in position in the 
moving direction of the carriage 40. Since the nozzles 
included in each ink jet head are arranged in zigzag, the 
nozzles are also shifted in position in the moving direc- 
tion of the carriage 40. The control circuit 60 of the color 
printer 20 drives the respective ink jet heads 44 through 
47 at suitable head drive timings by taking into account 
a positional difference of the nozzles in the course of 
moving the carriage 40 and driving the nozzles.. 
[0053] The color printer 20 of this embodiment has the 



nozzles Nz of a fixed diameter as shown in Fig. 7. Three 
different types of dots having different sizes can be 
formed with the nozzles Nz of the fixed diameter. The 
following describes the principle of such dot creation 
technique. Figs. 8A through 8C show the relationship 
between the driving waveform of the nozzle Nz and the 
size of the ink particle Ip ejected from the nozzle Nz. The 
driving waveform shown by the broken line in Fig. 8A is 
used to create standard-sized dots. Application of a volt- 
age lower than a reference voltage to the piezoelectric 
element PE in a division d2 deforms the piezoelectric 
element PE in the direction of increasing the cross sec- 
tion of the ink conduit 50, contrary to the case discussed 
previously with the drawing of Fig. 6. Since there is a 
limit in ink supply speed to the nozzle, the quantity of 
ink supply is insufficient with respect to the expansion 
of the ink conduit 50. As shown in a state A of Fig. 8C, 
an ink interface Me is thus slightly concaved inward the 
nozzle Nz. When the driving waveform shown by the sol- 
id line in Fig. 8A is used to abruptly lower the voltage in 
a division dl, on the other hand, the quantity of ink supply 
has further insufficiency and the ink interface Me is more 
significantly concaved inward the nozzle Nz as shown 
in a state 'a' shown in Fig. 8B, compared with the state A. 
[0054] Subsequent application of a high voltage to the 
piezoelectric element PE in a division d3 shown in Fig. 
8 A reduces the sectional area of the ink conduit 50 and 
compresses the ink in the ink conduit 50, thereby caus- 
ing an ink droplet to be ejected from the ink nozzle. The 
size of the ink droplet depends upon the degree of in- 
sufficiency of the ink supply quantity. As shown in states 
B and C of Fig. 8C, a large ink droplet is ejected when 
the ink interface Me is only slightly concaved inward 
(state A). As shown in states 'b' and 'c' of Fig. 8B, on the 
other hand, a small ink droplet is ejected when the ink 
interface Me is significantly concaved inward (state 'a'). 
The size of the dot to be created can thus be varied by 
changing the rate of change in the process of lowering 
the driving voltage (see the divisions d1 and d2). 
[0055] The color printer 20 successively outputs two 
different driving waveforms W1 and W2 as shown in Fig. 
9. According to the difference in rate of change in the 
process of lowering the driving voltage, the driving 
waveforms W1 and W2 respectively correspond to a 
smaller ink droplet Ips and a larger ink droplet Ipm. By 
way of example, it is assumed that the color printer 20 
outputs the driving waveform W1 and the driving wave- 
form W2 in this sequence while moving the carriage 40 
in a main scanning direction. The smaller ink droplet Ips 
ejected in response to the driving waveform W1 has a 
relatively small flight speed, whereas the larger ink drop- 
let Ipm ejected in response to the driving waveform W2 
has a relatively large flight speed. The smaller ink drop- 
let Ips accordingly requires a longer time to hit the print- 
ing sheet. Namely, compared with the larger ink droplet 
Ipm, the smaller ink droplet Ips has a greater moving 
distance in the main scanning direction from the position 
where the ink droplet is ejected from the nozzle to the 
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position where the ink droplet hits the printing sheet. 
Regulating the timings of the driving waveforms W1 and 
W2 enables the smaller ink droplet Ips and the larger 
ink droplet to be ejected on an identical pixel as shown 
in Fig. 9. 5 
[0056] The color printer 20 of this embodiment sup- 
plies only the driving waveform W1 to the piezoelectric 
element PE to create small dots, supplies only the driv- 
ing waveform W2 to the piezoelectric element PE to cre- 
ate medium dots, and supplies both the driving wave- 
forms W1 and W2 to cause two different sizes of ink 
droplets, that is, the smaller ink droplet and the larger 
ink droplet, to be ejected on an identical pixel and there- 
by create large dots. Increasing the types of the driving 
waveforms enables more dots of different sizes to be 
created. 

[0057] Fig. 10 illustrates the internal structure of the 
control circuit 60 in the color printer 20. The control cir- 
cuit 60 includes a CPU 61 , a ROM 62, a RAM 63, a PC 
interface 64 that transmits data to and from the compu- 
ter 80, a peripheral equipment input-output unit (PIO) 
65 that transmits data to and from peripheral equipment, 
a timer 66, and a drive buffer 67. The sheet feed motor 
35, the carriage motor 30, the residual ink quantity dis- 
play panel 58, and the contact switches 71 and 72 trans- 
mit data to and from the control circuit 60 via the PIO 
65. The drive buffer 67 functions to supply dot on/off sig- 
nals to the ink jet heads 44 through 47. These elements 
are mutually connected via a bus 68 to enable transmis- 
sion of data. The control circuit 60 further includes an 
oscillator 70 that outputs driving waveforms at selected 
frequencies and a distributor 69 that distributes the out- 
puts from the oscillator 70 to the ink jet heads 44 through 
47 at selected timings. 

[0058] The control circuit 60 constructed as shown in 
Fig. 10 receives the image data FNL output from the 
computer 80 and temporarily stores the dot on/off sig- 
nals in the RAM 63. The CPU 61 outputs dot data to the 
drive buffer 67 at a preset timing synchronously with the 
operations of the sheet feed motor 35 and the carriage 
motor 30. 

[0059] The following describes a mechanism of cre- 
ating dots in response to the dot on/off signals output 
from the CPU 61 to the drive buffer 67. Fig. 11 illustrates 
connection of one nozzle array in the ink jet heads 44 
through 47. The nozzle array in each of the ink jet heads 
44 through 47 is arranged in a circuit, in which the drive 
buffer works as the source and the distributor 69 as the 
sink. The piezoelectric elements PE corresponding to 
the nozzles included in the nozzle array have one elec- 
trodes respectively connected to each output terminal 
of the drive buffer 67 and the other electrodes collec- 
tively connected to the output terminal of the distributor 
69. The driving waveforms of the oscillator 70 are output 
from the distributor 69 as shown in Fig. 11. When the 
CPU 61 outputs the dot on/off signals of the respective 
nozzles to the drive buffer 67, only the piezoelectric el- 
ements PE receiving the ON signal are driven in re- 



sponse to the output driving waveforms. The ink parti- 
cles Ip are thus ejected from the nozzles corresponding 
to the piezoelectric elements PE that have received the 
ON signal from the drive buffer 67. 
[0060] The color printer 20 having the hardware con- 
figuration discussed above drives the carriage motor 30 
to move the ink jet heads 44 through 47 of the respective 
colors relative to the printing sheet P in the main scan- 
ning direction, and drives the sheet feed motor 35 to 
move the printing sheet P in the sub-scanning direction. 
Under the control of the control circuit 60, the ink jet head 
41 is driven at adequate timings while the main scans 
and sub-scans of the carriage 40 are repeated. The 
color printer 20 accordingly prints a color image on the 
printing sheet P. 

B. Outline of Image Processing 

[0061] As discussed above, the color printer 20 has 
the function of receiving the image data FNL and printing 
a color image corresponding to the image data FNL. The 
computer 80 causes a color image to be subjected to 
predetermined image processing and thereby gener- 
ates the image data FNL. Fig. 1 2 is a flowchart showing 
the outline of an image processing routine executed by 
the CPU 81 in the printer driver 92 of the computer 80. 
The outline of the image processing is described with 
the flowchart of Fig. 12. 

[0062] When the program enters the image process- 
ing routine of Fig. 12, the CPU 81 first input image data 
at step S100. The image data, which are fed from the 
applications program 91 as described in Fig. 2, are 
256-tone data that may take a value in the range of 0 to 
255 for each of the colors R, G, and B corresponding to 
each pixel included in the image. The resolution of the 
image data depends upon the resolution of the original 
image data ORG and the like. 

[0063] The CPU 81 converts the resolution of the in- 
put image data into a printing resolution of the color 
printer 20 at step S1 02. In the case where the resolution 
of the input image data is lower than the printing reso- 
lution, linear interpolation is carried out to generate a 
new piece of data between the adjoining pieces of the 
original image data ORG and implement the conversion 
of the resolution. In the case where the resolution of the 
input image data is higher than the printing resolution, 
on the contrary, the conversion of the resolution is im- 
plemented by skipping some pieces of data at a prede- 
termined rate. 

[0064] The CPU 81 subsequently carries out color 
conversion at step S104. The color conversion converts 
the image data consisting of the tone values of R, G, 
and B into data in the color printer 20, for example, data 
consisting of the tone values of C, M, Y, and K. A color 
conversion table LUT (see Fig. 2) is used for the color 
conversion. The color conversion table LUT stores com- 
binations of C, M, Y, and K that cause the color printer 
20 to express the colors defined by the respective com- 



15 



20 



25 



30 



35 



40 



45 



50 



10 



19 



EP 0 956 964 A2 



20 



binations of R, G, and B. A variety of known techniques 
may be adopted in the color conversion process with the 
color conversion table. For example, the interpolation 
technique may be adopted in the color conversion proc- 
ess. 5 
[0065] After conclusion of the color conversion, the 
CPU 81 starts a multi-valuing process at step S106. In 
this embodiment, the result of the color conversion gives 
the 256-tone image data consisting of the four colors C, 
M, Y, and K. In the color printer 20 of this embodiment, 
on the other hand, there are only four possible states, 
that is, 'create no dots' 'create a small dot', 'create a me- 
dium dot', and 'create a large dot'. It is accordingly re- 
quired to convert the image of 256 tones into the image 
of 4 tones expressible by the color printer 20. Namely 
the probability of creating the respective dots, the large 
dot, the medium dot, and the small dot, on the printing 
medium is varied according to the tone values of the 
original image, so that the 256 tones of the original im- 
age are converted into the 4 tone values expressible by 
the color printer 20. This process is referred to as the 
tone number conversion process. Especially when the 
number of tones after the conversion is two, the process 
is referred to as the binary process. The conversion into 
a greater number of tones is referred to as the multi- 
valuing process. 

[0066] After the multi-valuing process, the CPU 81 
starts an interlace process at step S108. The interlace 
process rearranges the image data converted by the 
multi-valuing process to specify the creation and non- 
creation of the respective dots in a sequence to be trans- 
ferred to the color printer 20. As mentioned previously, 
the color printer 20 drives the ink jet head 41 and creates 
dot lines or raster lines on the printing sheet P while re- 
peating the main scans and sub-scans of the carriage 
40. As described in Fig. 6, each of the ink jet heads 44 
through 47 has the plurality of nozzles Nz, so that one 
main scan forms a plurality of raster lines. These raster 
lines are located at the intervals of the nozzle pitch k. In 
order to create raster lines arranged at the intervals of 
the pixel, the required control procedure first creates a 
plurality of raster lines located at the intervals of the noz- 
zle pitch k and slightly moves the head position to create 
new raster lines between the existing raster lines. 
[0067] The possible control procedure to improve the 
printing quality forms each raster line by a plurality of 
main scans. In order to shorten the printing time, the 
available control procedure creates dots both in the for- 
ward motion and the backward motion of the main 
scans. The sequence of actual dot creation by the color 
printer 20 is accordingly different from the sequence of 
pixels on the image data. The interlace process accord- 
ingly rearranges the image data. 
[0068] After the conclusion of the interlace process, 
the image data are output as the printer-printable image 
data FNL to the color printer 20 at step S110. 



C. Method of Monitoring Residual Quantity of Ink 

[0069] The color printer 20 ejects ink droplets accord- 
ing to the image data FNL output from the computer 80 
and thereby prints a desired image on the printing me- 
dium. The inks stored in the ink cartridges 42 and 43 are 
used to form the ink droplets. If the ink stored in the ink 
cartridge is used up, further printing becomes impossi- 
ble. Replacement of the ink cartridge is thus required to 
feed a new supply of ink. The early replacement of the 
ink cartridge prevents the discontinuance of printing due 
to the run-out in ink in the course of printing an image, 
but wastes the remaining ink in the ink cartridge. The 
printing system of this embodiment can monitor the re- 
sidual quantity of ink with high accuracy and thereby ef- 
fectively prevents the run-out in ink in the course of print- 
ing an image while minimizing the waste of ink remain- 
ing in the ink cartridge. 

[0070] The printing system of this embodiment can 
monitor the residual quantity of ink with high accuracy, 
since the ejecting amount of ink is estimated by taking 
into account the phenomenon found by the inventors of 
this application, that is, the phenomenon that the weight 
of an ink droplet or the volume of an ink droplet is varied 
according to the conditions relating to the supply of ink 
among a variety of conditions relating to the ejection of 
ink droplets. Prior to the method of monitoring the resid- 
ual quantity of ink adopted in the printing system of this 
embodiment, the following briefly describes the phe- 
nomenon found by the inventors of this application, that 
is, the phenomenon that the weight of ink droplet or the 
volume of an ink droplet is varied according to the con- 
ditions relating to the supply of ink. 
[0071] Fig. 27A conceptually illustrates a typical 
mechanism of ejecting an ink droplet in the printing sys- 
tem that creates ink dots on a printing medium and 
thereby prints an image. As illustrated, the fundamental 
structure of the ink droplet ejecting mechanism includes 
an ink chamber A, in which a supply of ink fed from an 
ink reservoir is stored temporarily, a nozzle B, from 
which an ink droplet is ejected, an ink conduit C that 
connects the ink chamber A with the nozzle B, an ink 
supply conduit D that supplies ink in the ink reservoir to 
the ink chamber A, and an actuator E that enhances the 
pressure in the ink chamber A. Any means that enhanc- 
es the pressure of the ink chamber A may be used in 
place of the actuator E. One available means heats ink 
with a heater to produce bubbles in the ink and thereby 
enhance the pressure in the ink chamber. In the exam- 
ple of Fig. 27 A, the resistances in the ink conduit C and 
the ink supply conduit D are schematically expressed 
by orifices Co and Do. 

[0072] In the ink droplet ejecting mechanism shown 
in Fig. 27A, driving the actuator E to enhance the pres- 
sure in the ink chamber A and cause a pressure differ- 
ence before and after the orifice Co causes ink to pass 
through the orifice Co and to be ejected as an ink droplet 
from the nozzle B. After the ink droplet is ejected from 
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the nozzle B, a new supply of ink corresponding to the 
ejecting amount of ink is fed to fill up the ink chamber A 
and prepare for next ejection of an ink droplet. When the 
ink supplied has a low temperature, the large viscosity 
of ink prevents a smooth flow of ink through the ink sup- $ 
ply conduit D and may cause an insufficient supply of 
ink to the ink chamber A. Jetting ink in the state where 
the ink chamber A is not filled with ink causes a small 
ink droplet to be ejected from the nozzle B. 
[0073] The factor that affects the viscosity of ink sup- 
plied to the ink chamber A is not restricted to the tem- 
perature of ink supplied. For example, different types of 
inks have different ink compositions and thereby differ- 
ent viscosities. Over a long time period, the volatile com- 
ponents in the ink gradually evaporate to increase the 
viscosity of ink. 

[0074] The size of the ink droplet may be varied with 
a variation in residual quantity of ink remaining in the ink 
reservoir as discussed briefly below. 
[0075] The nozzle B is set to make the interface Me 
of ink slightly concaved inward as shown in Fig. 27B in 
the non-ejecting state of ink. This prevents inkfrom leak- 
ing from the nozzle unnecessarily. A variety of methods 
may be applied to make the interface Me of ink inward 
the nozzle B. One typical method places urethane foam 
inside the ink reservoir. The urethane foam has numer- 
ous pores. Ink soaks into these pores and is kept in the 
urethane foam by means of the surface tension working 
among the pores, ink, and the air. The nozzle is de- 
signed to cause the surface tension acting on ink to be 
slightly greater than the surface tension occurring on the 
interface Me of the nozzle by regulating the related pa- 
rameters, such as the size and the density of the pores. 
When the ink droplets are not ejected, the interface Me 
of ink can be kept in the state slightly concaved inward 
the nozzle. 

[0076] In the ink reservoir designed as discussed 
above, the less residual quantity of ink increases the 
contact area of ink with the air and enhances the surface 
tension of ink against the urethane foam, thereby caus- 
ing the interface Me of ink to be concaved significantly 
inward the nozzle B. Only a small ink droplet is ejected 
in the state that the interface Me of ink is significantly 
concaved inward the nozzle B. The size of the ink drop- 
let may thus be varied with a variation in residual quan- 
tity of ink in the ink reservoir. 

[0077] The size of the ink droplet may also be varied 
according to the difference of a dot pattern, which is an 
arrangement of ink dots formed on the printing medium. 
There are a variety of reasons for this phenomenon. By 
way of example, in order to increase the density of ink 
dots on the printing medium, it is required to increase 
the number of ejecting ink droplets per unit time, that is, 
the ejecting frequency of ink droplets, under the condi- 
tion of a fixed time period for dot creation. The exces- 
sively high ejecting frequency of ink droplets, however, 
causes an insufficient supply of ink to the ink chamber 
A through the ink supply conduit D (see Fig. 27 A) and 



thereby reduces the size of the ink droplet ejected from 
the nozzle. 

[0078] In the printer having a large number of ink 
chambers in alignment, when ink droplets are ejected 
from a selected ink chamber, a supply of ink fed to an 
adjoining ink chamber becomes insufficient. This may 
cause a phenomenon called cross talk, in which the ink 
droplets ejected from the adjoining ink chambers have 
different sizes. 

[0079] As discussed above, the weight of the ink drop- 
let ejected is affected in a variety of ways by the ink sup- 
ply conditions in the process of ejecting ink droplets. The 
method of monitoring the residual quantity of ink adopt- 
ed in the printer of this embodiment takes into account 
the relationship between the weight of the ink droplet 
ejected and the ink supply conditions and estimates the 
ejecting weight of ink with high accuracy. This enables 
the residual quantity of ink in the ink reservoir to be mon- 
itored precisely. The following describes the details of 
the method of monitoring the residual quantity of ink 
adopted in the printer of this embodiment. 

(1) Software Configuration 

[0080] As discussed previously in Fig. 2, the residual 
ink quantity monitoring module 100 transmits informa- 
tion to and from the interlace module 96 and monitors 
the residual quantity of ink. For the clarity of explanation, 
in the printer of this embodiment, it is assumed that the 
residual ink quantity monitoring module 100 is incorpo- 
rated in the printer driver 92. In accordance with a pos- 
sible modification, the residual ink quantity monitoring 
module 100 may be incorporated in the color printer 20 
and monitor the residual quantity of ink while transmit- 
ting information to and from the printer driver 92 in the 
computer 80. 

[0081] Fig. 1 3 is a block diagram illustrating the con- 
nection of the respective modules including the residual 
ink quantity monitoring module 1 00. As illustrated in Fig. 
13, the residual ink quantity monitoring module 100 
transmits data to and from the interlace module 96 and 
the data input/output module 97, carries out the detec- 
tion of the ink supply conditions and the count of the 
number of ink droplets, and outputs the results of mon- 
itoring the residual quantity of ink via the data input/out- 
put module 97. 

[0082] The residual ink quantity monitoring module 
100 mainly includes four modules, a supply condition 
detection module 101, an ink droplet number counting 
module 102, an ink ejecting amount calculation module 
1 03, and an ink ejecting amount accumulation and mon- 
itor module 104. 

[0083] The supply condition detection module 1 01 de- 
tects the ink supply conditions relating to the supply of 
ink, for example, the temperature of ink, the residual 
quantity of ink in the ink cartridge, and the dot pattern, 
which is an arrangement of ink dots formed on the print- 
ing medium. The printer of this embodiment detects the 
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ink supply conditions and takes into account the detect- 
ed ink supply conditions for the calculation of the eject- 
ing weight of ink, thereby improving the accuracy of cal- 
culation of the ejecting weight of ink. 
[0084] The ink droplet number counting module 102 
counts the number of ink droplets with respect to each 
color ejected within a preset time period from each of 
the ink jet heads 44 through 47. The dot data of the in- 
terlace module 96 included in the printer driver 92 (see 
Fig. 2) is utilized to count the number of ink droplets. 
The preset time period, in which the number of ink drop- 
lets is counted, may be set arbitrarily according to the 
requirements. In the printer of this embodiment, the pre- 
set time period corresponds to the time period of one 
main scan of the carriage 40. 

[0085] The ink ejecting amount calculation module 
1 03 multiplies the number of ink droplets counted by the 
ink droplet number counting module 102 by the weight 
of a single ink droplet (hereinafter referred to as the ink 
droplet weight), so as to calculate the ejecting weight of 
ink. This module 103 accordingly calculates the weight 
of ink ejected within the preset time period (that is, the 
time period of one main scan in the printer of this em- 
bodiment) with respect to each color. The printer of this 
embodiment takes into account the ink supply condi- 
tions detected by the supply condition detection module 
101 for the calculation of the ejecting weight of ink and 
thereby improves the accuracy of calculation of the 
ejecting weight of ink. The observed weight of a single 
ink droplet is written in advance in the memory as a con- 
stant in the ink ejecting amount calculation module 103. 
[0086] The ink ejecting amount accumulation and 
monitor module 1 04 accumulates the ejecting weight of 
ink calculated by the ink ejecting amount calculation 
module 103 to give a cumulative weight of ink ejection, 
compares the cumulative weight of ink ejection with a 
predetermined capacity of the ink cartridge, and dis- 
plays the residual quantity of ink in a readily understand- 
able form. When the residual quantity of ink is reduced 
to or below a preset level, an alarm is given to demand 
replacement of the ink cartridge. The display and the 
alarm are given via the data input/output module 97. The 
predetermined capacity of the ink cartridge is written in 
advance in the memory as a constant in the ink ejecting 
amount accumulation and monitor module 104. In ac- 
cordance with one possible modification, the capacity of 
the ink cartridge may be specified on the CRT of the 
computer 104. Another possible modification reads the 
identification label 56 attached to the ink cartridge (see 
Fig. 5) or reads data electrically recorded inside the ink 
cartridge to identify the type of the ink cartridge and au- 
tomatically selects an adequate value corresponding to 
the result of the identification among a plurality of preset 
values. When the ink cartridge is replaced and the con- 
tact in either the contact switch 71 or the contact switch 
72 (see Fig. 10) opens, the ink ejecting amount accu- 
mulation and monitor module 1 04 detects the open con- 
tact via the data input/output module 97, resets the cu- 



mulative weight of ink ejection, and newly starts accu- 
mulation of the ejecting weight of ink. 

(2) Details of Residual Ink Quantity Monitoring Process 

[0087] Fig. 14 is a flowchart showing a residual ink 
quantity monitoring routine executed by the printer of 
this embodiment. As discussed previously with Fig. 1 3, 
the residual ink quantity monitoring module 100 is part 
of the printer driver 92. Simultaneously with the activa- 
tion of the printer driver 92 by any one of the various 
applications programs 91 , the residual ink quantity mon- 
itoring routine of Fig. 1 4 is activated to stand ready. Eve- 
ry time the image processing routine allows interruption 
of the residual ink quantity monitoring routine, the resid- 
ual ink quantity monitoring process is carried out as dis- 
cussed below. In this embodiment, the residual ink 
quantity monitoring module 100 is incorporated in the 
printer driver 92, and the CPU 81 in the computer 80 
executes the processing of Fig. 14. In the case where 
the residual ink quantity monitoring module 100 is incor- 
porated in the color printer 20 as mentioned previously, 
the control CPU 61 in the color printer 20 executes the 
processing of Fig. 14. The following describes the de- 
tails of the residual ink quantity monitoring process with 
the flowchart of Fig. 14. 

(a) Read cumulative amount of ink ejection and dis- 
play residual quantity of ink (step S200) 

When the program enters the residual ink quan- 
tity monitoring routine, the CPU 81 first reads the 
cumulative weight of ink ejection stored in the RAM 
83 at step S200. Each time the program exits the 
residual ink quantity monitoring routine, the cumu- 
lative weight of ink ejection is written in the non-vol- 
atile memory for the next cycle of this routine. Im- 
mediately after the activation of the routine, the 
CPU 81 accordingly reads this cumulative value. 
The color printer 20 of this embodiment uses the 
four color inks, C (cyan), M (magenta), Y (yellow), 
and K (black), so that the cumulative weight of ink 
ejection is stored with respect to each color ink. 

After reading the cumulative weight of ink ejec- 
tion, the CPU 81 compares the input value with the 
predetermined capacity of the ink cartridge, calcu- 
lates the residual quantity of ink in the ink cartridge, 
and displays the calculated residual quantity of ink 
on the residual ink quantity display panel 58 in the 
color printer 20. Fig. 1 5 shows a method of display- 
ing the residual quantity of ink on the residual ink 
quantity display panel 58. In the printer of this em- 
bodiment, the residual quantity of ink is displayed 
as the ratio to the predetermined capacity of the ink 
cartridge. The corresponding LED (light-emitting di- 
ode) lights green to show the residual quantity of 
ink. When the difference obtained by subtracting the 
cumulative weight of ink ejection from the predeter- 
mined capacity of the ink cartridge becomes not 
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greater than a preset level, the color of the corre- 
sponding LED (A in Fig. 1 5) changes from green to 
light to demand replacement of the ink cartridge. 

(b) Detect ink supply conditions (step S202) 

After reading the cumulative weight of ink ejec- s 
tion, the CPU 81 detects the ink supply conditions 
at step S202. The printer of this embodiment de- 
tects the temperature of ink, the type of ink, the re- 
sidual quantity of ink in the ink cartridge, and the dot 
pattern of ink dots as the ink supply conditions re- 10 
lating to the supply of ink to the ink chamber. The 
CPU 81 detects all these conditions except the dot 
pattern at step S202. The temperature of ink is 
measured with the temperature sensor 37 mounted 
on the ink jet head 41 . The user selects the type of is 
ink among options displayed on the CRT of the com- 
puter 80. The residual quantity of ink in the ink car- 
tridge is calculated by subtracting the cumulative 
weight of ink ejection from the predetermined ca- 
pacity of the ink cartridge. 20 

The printer of this embodiment detects the ink 
supply conditions only once every time the printer 
driver 92 is activated. Since the ink supply condi- 
tions are generally considered to change gently, the 
detection of the ink supply conditions is carried out 25 
only on the activation of the printer driver 92, so as 
to simplify the control procedure. Possible modifi- 
cation causes an interruption at fixed time intervals 
to detect the variety of ink supply conditions or de- 
tects the ink supply conditions for each print page. 30 
Such modified structure detects the change of the 
ink supply condition, for example, even when the 
temperature of ink changes in the course of printing 
over a long time period, and thereby further im- 
proves the accuracy of calculation of the amount of 35 
ink consumption. 

(c) Count the number of ink droplets within preset 
time period (step S204) 

After the detection of the ink supply conditions, 
the CPU 81 counts the number of ink droplets eject- 40 
ed within a preset time period with respect to each 
color ink at step S204. The printer of this embodi- 
ment counts the number of ink droplets ejected 
while the carriage 40 completes one main scan. The 
color printer 20 creates ink dots of three different *s 
sizes, that is, the large, medium, and small ink dots, 
and the CPU 81 counts the number of ink droplets 
for each size of the ink dot. 

The dot data in the interlace module 96 (see 
Figs. 2 and 12) discussed above is utilized to count so 
the number of ink droplets. As described previously, 
the halftone module 95 converts the image data into 
the expression form representing the creation or 
non-creation of the three different types of dots hav- 
ing the different sizes, large, medium, and small. 55 
The subsequent interlace module 96 rearranges 
the converted image data in the sequence of actu- 
ally creating dots by the ink jet head of each color 



and expands the rearranged data as dot data on the 
RAM 83. In the process of counting the number of 
ink droplets, the CPU 81 reads and counts the dot 
data, which have been expanded on the RAM 83 by 
the interlace module 96. In the case where the re- 
sidual ink quantity monitoring module 100 is incor- 
porated in the color printer 20, the CPU 61 in the 
color printer 20 may count the dot data output from 
the data input/output module 97 of the computer 80 
(see Fig. 2) as the image data FNL 
(d) Calculate ejecting amount of ink (step S206) 

After counting the number of ink droplets within 
the preset time period, the CPU 81 multiplies the 
count by the ink droplet weight (that is, the weight 
of a single ink droplet) to calculate the ejecting 
weight of ink at step S206. The ejected ink droplet 
weight depends upon the ink supply conditions re- 
lating to the supply of ink. The processing of step 
S206 accordingly makes the ink supply conditions 
detected in advance at step S202 reflect on the cal- 
culation and thereby improves the accuracy of cal- 
culation of the ejecting weight of ink. 

The structure of this embodiment stores in ad- 
vance the weight of a single ink droplet and multi- 
plies the count of the ink ejecting number by the 
stored weight to calculate the ejecting weight of ink. 
One modified structure may store in advance the 
volume of a single ink droplet and multiply the count 
of the ink ejecting number by the stored volume to 
calculate the ejecting volume of ink. 

In accordance with a concrete procedure, the 
printer of this embodiment calculates the ejecting 
weight of ink by multiplying a correction coefficient, 
which depends upon the ink supply conditions, as 
shown by the equation given below: 

(Ejecting weight of ink) = 
(Count of ink droplet number) X 
(Weight of ink droplet) X (Correction coefficient) 

The (correction coefficient) here is given as 
KtxKzxKd, where Kt represents a correction coef- 
ficient regarding the temperature of ink (hereinafter 
referred to as the temperature correction coeffi- 
cient), Kz represents a correction coefficient re- 
garding the residual quantity of ink (hereinafter re- 
ferred to as the residual ink quantity correction co- 
efficient), and Kd represents a correction coefficient 
regarding the dot pattern of ink dots formed on the 
printing medium (hereinafter referred to as the dot 
pattern correction coefficient). These correction co- 
efficients depend upon the type of ink. When the 
type of ink is specified in the printer driver 92, the 
correction coefficients corresponding to the speci- 
fied type of ink are automatically selected. The 
weight of a single ink droplet measured in a prede- 
termined state (that is, the reference state) with re- 
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spect to each typ8 of dot, large, medium, and small, 
is stored in advance in the memory. The details of 
the method of setting the various correction coeffi- 
cients will be discussed later. 

In the printer of this embodiment, the tempera- 5 
ture correction coefficient Kt and the residual ink 
quantity correction coefficient Kz are stored on the 
RAM 83 as map data relating to the temperature of 
ink and the residual quantity of ink, respectively. 
Every time the variety of ink supply conditions are 10 
detected at step S202, the correction coefficients 
are updated corresponding to the detected ink sup- 
ply conditions. Figs. 1 6A and 16B respectively show 
the temperature correction coefficient Kt and the re- 
sidual ink quantity correction coefficient Kz stored is 
as map data on the RAM 83. Since the weight of a 
single ink droplet is varied with a variation in tem- 
perature of ink or residual quantity of ink, the weight 
of the ink droplet is corrected with the correction co- 
efficients shown in Figs. 1 6A and 1 6B. The increase 20 
in temperature of ink lowers the viscosity of ink and 
is thus expected to increase the weight of a single 
ink droplet. As shown in Fig. 16A, however, the tem- 
perature correction coefficient Kt of this embodi- 
ment is set to decrease the weight of a single ink 25 
droplet with an increase in temperature of ink. The 
reason of such setting will be discussed later. 

The dot pattern correction coefficient Kd is se- 
lected by the following procedure. The CPU 81 de- 
termines whether the dot pattern is a 'solid print pat- 30 
tern' or a 'character print pattern', based on the dot 
data expanded on the RAM 83 by the interlace mod- 
ule 96. The 'solid print pattern' is an arrangement of 
dots that mainly appears in the process of printing 
a natural image and is formed when ink droplets are 35 
ejected simultaneously from substantially all the 
nozzles. The 'character print pattern* is an arrange- 
ment of dots that appears in the process of printing 
a text image and is formed when ink droplets are 
not ejected simultaneously from all the nozzles. The <o 
CPU 81 analyzes the dot data corresponding to one 
main scan expanded on the RAM 83, determines 
whether the dot pattern is either the 'solid print pat- 
tern' or the 'character print pattern', and selects the 
corresponding correction coefficient. *s 

One possible modification may provide a great- 
er number of dot patterns, instead of the two dot 
pattern, and calculate the ejecting weight of ink us- 
ing the corresponding dot pattern correction coeffi- 
cient. Another modification may minutely analyze so 
the dot data on the RAM 83 and calculate the dot 
pattern correction coefficient based on the result of 
the analysis, in order to further improve the accura- 
cy of calculation of the ejecting weight of ink. This 
modified method of calculating the correction coef- 55 
ficient will be discussed later, 
(e) Accumulate ejecting amount of ink and display 
residual quantity of ink (steps S208 through S212) 



After the calculation of the ejecting weight of ink 
within the preset time period, the CPU 81 adds the 
result of the calculation to the ejecting weight of ink 
previously calculated, so as to give a cumulative 
weight of ink ejection at stepS208. Namely the CPU 
81 calculates the ejecting weight of ink for every 
main scan and accumulates the results of the cal- 
culation to determine the total weight of ink ejected 
for each color. The CPU 81 updates the display of 
the residual quantity of ink based on the cumulative 
weight of ink ejection thus obtained, and lights the 
alarm lamp according to the requirements (see Fig. 
15). 

After the above processing, it is determined 
whether printing has been completed at step S210. 
If the printing has not yet been completed, the pro- 
gram returns to step S204 and repeats the subse- 
quent series of processing. If the printing has been 
completed, on the other hand, the CPU 81 stores 
the cumulative weight of ink ejection into the non- 
volatile memory for the next cycle of this routine at 
step S212. This arrangement ensures the accumu- 
lation of the ejecting weight of ink and enables the 
residual quantity of ink in the ink cartridge to be 
monitored even after the power supply to the printer 
is cut off. 

Although the weight of ink is used as the value 
representing the ejecting amount of ink in the above 
description, the volume of ink may be used instead. 

In this embodiment, the temperature correction 
coefficient Kt is set to decrease the weight of a sin- 
gle ink droplet with an increase in temperature of 
ink (see Fig. 16A). The following describes the rea- 
son of this setting. 

Fig. 16C shows variations in weight of a single 
ink droplet with respect to various temperatures of 
ink. The relative driving frequency plotted as abscis- 
sa of Fig. 16C is one index representing a variety 
of dot patterns. The higher relative driving frequen- 
cy increases the ink ejecting number per unit time. 
The details of the relative driving frequency have 
been discussed previously. The ink temperature of 
25°C is a standard use temperature of the color 
printer, so that the color printer 20 is designed to 
have a fixed weight of a single ink droplet irrespec- 
tive of the dot pattern at the inktemperature of 25°C. 
A decrease in ink temperature raises the viscosity 
of ink and prevents the smooth flow of ink, thereby 
decreasing the weight of a single ink droplet. The 
higher relative driving frequency increases the 
probability of insufficient supply of ink and accord- 
ingly decreases the weight of a single ink droplet. 
The weight of a single ink droplet ejected under the 
condition of a low ink temperature (at the ink tem- 
perature of 10°C in Fig. 16C) is less than that at the 
ink temperature of 25°C in the area of low relative 
driving frequency and further decreases with an in- 
crease in relative driving frequency. 
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An increase in ink temperature, on the contrary, 
lowers the viscosity of ink and facilitates the flow of 
ink, thereby increasing the weight of a single ink 
droplet. The weight of a single ink droplet ejected 
at the ink temperature of 40°C is greater than that s 
at the ink temperature of 25°C in the area of low 
relative driving frequency and further increases with 
an increase in relative driving frequency. This is as- 
cribed to the following mechanism. In the course of 
ejecting an ink droplet, the pressure in the inkcham- 10 
ber temporarily increases. After the ejection of an 
ink droplet, the pressure in the ink chamber lowers 
to cause a new supply of ink to be flown into the ink 
chamber The pressure in the ink chamber accord- 
ingly repeats the increases and the decrease in the 15 
process of ejecting ink droplets. The variation in 
pressure causes a minute vibration of the interface 
of ink in the nozzle and a minute flow of ink coming 
into and out of the ink supply conduit. In the struc- 
ture that a side wall of the ink chamber is made of 20 
a vibrating plate and the deflection of the vibrating 
plate increases the pressure in the ink chamber, 
there is a minute vibration of the vibrating plate ac- 
companied by the ejection of ink droplets. The vis- 
cosity of ink has the function of attenuating such vi- 25 
brations and flow. At the standard ink temperature, 
such minute vibrations thus disappear immediately. 
At the ink temperature of 40°C, however, the small 
viscosity of ink causes delayed attenuation of the 
vibration, which accordingly remains to the timing 30 
of ejecting a next ink droplet. When the timing of 
ejecting a next ink droplet coincides with the phase 
of the remaining vibration, a large ink droplet is 
ejected from the nozzle. In this embodiment, when 
the relative driving frequency is 100%, the timing of 35 
ejecting a next ink droplet just coincides with the 
phase of the remaining vibration and causes a large 
ink droplet to be ejected from the nozzle. 

The characteristics of the weight of a single ink 
droplet shown in Fig. 16C may cause incomplete *o 
solid printing. In the actual operation of the color 
printer 20, the driving waveform applied to the pie- 
zoelectric element PE is changed according to the 
ink temperature, so as to correct the weight of a sin- 
gle ink droplet. The incomplete solid printing means 45 
that a solid area is not completely filled in. The in- 
complete solid printing results in banding and occa- 
sionally causes the ground color of the printing 
sheet to remain and make white streaks conspicu- 
ous. In the case of solid printing, ink dots are creat- 50 
ed on the whole surface of the printing sheet and 
the relative driving frequency of 1 00% is according- 
ly selected as the printing condition. The excessive- 
ly small weight of a single ink droplet ejected reduc- 
es the size of resulting ink dots and causes the 5s 
ground color of the printing sheet to remain and 
make white streaks conspicuous. The excessively 
large weight of a single ink droplet ejected, on the 



other hand, increases the size of resulting ink dots 
and may cause ink dots to undesirably overlap and 
form a deeper color section, which results in band- 
ing. The driving waveform applied to the piezoelec- 
tric element PE is thus corrected to fix the weight of 
a single ink droplet at the relative driving frequency 
of 100% and thereby stabilize the quality of solid 
printing. 

Because of the above reason, changing the 
driving waveform according to the ink temperature 
causes the weight of a single ink droplet in the color 
printer 20 to have the characteristics shown in Fig. 
16D. In order to stabilize the weight of a single ink 
droplet at the relative driving frequency of 1 00%, the 
driving waveform applied to the piezoelectric ele- 
ment PE at the ink temperature of 10°C causes rel- 
atively large ink droplets to be ejected, while the 
driving waveform at the ink temperature of 40° C 
causes relatively small ink droplets to be ejected. 
The characteristic curve at the ink temperature of 
10°C accordingly displaces upward in parallel from 
the state of Fig. 1 6C to the state of Fig. 1 6D, where- 
as the characteristic curve at the ink temperature of 
40°C displaces downward in parallel from the state 
of Fig. 16C to the state of Fig. 16D. The temperature 
correction coefficient Kt of this embodiment thus de- 
creases with an increase in ink temperature as 
shown in Fig. 16 A. 

D. Memory Configuration 

[0088] The memory configuration of the residual ink 
quantity monitoring module 100 is described briefly with 
the drawing of Fig. 17. When one of the various appli- 
cations programs 91 issues a printing instruction, the re- 
sidual ink quantity monitoring module 100 is activated 
to specify a variety of areas on the RAM 83 or the hard 
disk 26. The data explained below are stored in the re- 
spective areas under the control of the CPU 81 . 
[0089] A working memory 150 is used to temporarily 
store the data required for the CPU 81 to carry out a 
variety of processing operations. The CPU 81 can di- 
rectly read and write data from and into the working 
memory 1 50. An ink capacity storage unit 160 is an area 
in which the predetermined capacity of a new ink car- 
tridge is stored. The ink capacity storage unit 1 60 stores 
ink capacities Cwo, Mwo, Ywo, and Kwo for the respec- 
tive color inks, C, M, Y, and K. An ink consumption stor- 
age unit 161 is an area in which the cumulative weight 
of ink ejection is stored. The ink consumption storage 
unit 161 stores amounts of ink consumption Cza, Mza, 
Yza, and Kza for the respective color inks C, M, Y, and K. 
[0090] An ink droplet weight storage unit 1 62 is an ar- 
ea in which the weight of a single ink droplet (the ink 
droplet weight) ejected under the reference condition is 
stored. An ink droplet number counter unit 1 65 is an area 
in which the counted number of ink droplets is stored. 
Since the color printer 20 of this embodiment creates 
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three different types of dots having different sizes, that 
is, large, medium, and small, for each color ink. The 
weights of a single ink droplet and the counted numbers 
of ink droplets corresponding to the respective sizes of 
the respective color inks are stored in the ink droplet 5 
weight storage unit 162 and the ink droplet number 
counter unit 165, respectively. Certain symbols having 
the following meanings are shown in the ink droplet 
weight storage unit 162 and the ink droplet number 
counter unit 165 in Fig. 17. The first capital letters C, M, 10 
Y, and K represent the respective color inks C, M, Y, and 
K. The second small letters w and n represent the weight 
of a single ink droplet and the number of ink droplets, 
respectively. The last small letters s, m, and I respec- 
tively represent the small dot, the medium dot, and the is 
large dot. For example, the weights of a single ink drop- 
let with respect to the large, medium, small dots of the 
color ink C are expressed by Cwl, Cwm, and Cws. A 
supply condition storage unit 1 63 stores a variety of data 
used to detect the supply conditions. A correction coef- 20 
ficient storage unit 164 stores a variety of correction co- 
efficients. The CPU 81 reads the required data from 
these storage units to the working memory 150 and ex- 
ecutes the variety of processes discussed above. Al- 
though these areas are specified on the RAM 83 or the 25 
hard disk 26 in this embodiment, a special memory el- 
ement, such as a RAM, may be provided for each area. 

E. Setting Variety of Correction Coefficients 

30 

[0091] The printer of this embodiment stores a variety 
of correction coefficients, in order to correct a variation 
in weight of a single ink droplet according to the differ- 
ence of the ink supply conditions, such as the tempera- 
ture of ink, the residual quantity of ink, the type of ink, 35 
and the dot pattern on the printing medium. The correc- 
tion coefficients are set based on the observed ejecting 
weights of ink. The interlace module 96 may analyze the 
dot data expanded on the RAM 83 to precisely calculate 
the dot pattern correction coefficient Kd. The following 40 
describes the technique of setting the correction coeffi- 
cients based on the measurement and the technique of 
calculating the correction coefficients based on the anal- 
ysis. 

45 

(1) Technique of setting correction coefficients 
based on measurement 

Fig. 18 conceptually illustrates the structure of 
an apparatus for measuring the ejecting amount of 
ink. The measurement apparatus includes a head so 
200 from which ink droplets are ejected, a control 
unit 201 that outputs driving signals to the head 200 
and controls the head 200, ink cartridges 202 
through 204 from which supplies of ink are fed to 
the head 200, a sheet of specific printing paper 209, $5 
and an optical reader 210 that reads the ink density 
of a printed image or electronic balances 205 
through 2207 that measure a decrease in weight of 



the respective ink cartridges 202 through 204 with 
high precision. The temperatures of ink in the three 
ink cartridges 202, 203, and 204 are respectively 
kept at 10°C, 25°C, and 40°C. The temperature of 
the ink supplied to the head 200 is changed by op- 
erating a switch-over valve 208. The control unit 
201 drives the head 200 according to a preset pat- 
tern and prints a predetermined image on the spe- 
cific printing paper 209. In this measurement appa- 
ratus, the head 200 can not carry out the main scan 
and the sub-scan. The specific printing paper 209 
is set on a movable stage (not shown), and the pre- 
determined image is printed on the specific printing 
paper 209 by moving this movable stage in the main 
scanning direction and in the sub-scanning direc- 
tion. The control unit 201 also controls this movable 
stage. 

An example of the predetermined image print- 
ed by the head 200 is shown in Fig. 1 9. In the illus- 
trated example, the respective images are printed 
with previously selected two types of dot patterns, 
that is, a solid print pattern and a character print pat- 
tern, at the ink temperatures of 10°C, 25°C, and 
40°C. In the example of Fig, 19, there are accord- 
ingly six combinations of the ink supply conditions 
defined by the ink temperature and the dot pattern, 
and six images corresponding to the six combina- 
tions of the ink supply conditions are printed on one 
sheet of paper. The procedure changes the other 
ink supply conditions, such as the residual quantity 
of ink in the ink cartridge and the type of ink, prints 
the images under the respective combinations of 
the ink supply conditions shown in Fig. 19, and- 
measures the ink droplet weight under each com- 
bination of the ink supply conditions. 

Every time printing is completed under a certain 
condition (precisely, a certain combination of the ink 
supply conditions), the procedure measures a de- 
crease in weight of the ink cartridge from which a 
supply of ink is fed, and divides the observed de- 
crease in weight by the number of ink droplets, so 
as to determine the ink droplet weight, that is, the 
weight of a single ink droplet, under the certain con- 
dition. The number of ink droplets ejected is deter- 
mined for each predetermined image and meas- 
ured in advance. The procedure changes the vari- 
ous conditions relating to the ink supply, such as the 
ink temperature, the type of ink, the residual quan- 
tity of ink in the ink cartridge, and the dot pattern 
formed on the printing sheet, and measures the ink 
droplet weight under each combination of the ink 
supply conditions. After the measurement of the ink 
droplet weight under each combination of the ink 
supply conditions, the procedure selects and stores 
one of the combinations of the ink supply conditions 
as a reference condition (precisely, a reference 
combination of the ink supply conditions), and cal- 
culates the ratio of the ink droplet weight under each 
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of the other conditions to the ink droplet weight un- 
der the reference condition, so as to determine the 
correction coefficient under each condition (pre- 
cisely, under each combination of the ink supply 
conditions). s 

In accordance with another available proce- 
dure, the optical reader 21 0 is used to measure the 
ink density of a predetermined image printed on the 
specific printing paper 209 and determine each cor- 
rection coefficient. As shown in the example of Fig. 10 
19, the image printed by the head 200 has a fixed 
area, and the ink density of each image is propor- 
tional to the ejecting weight of ink. The procedure 
accordingly measures the ink densities and deter- 
mines the ratio of the ejecting weights of ink based is 
on the ratio of the ink densities. The use of the spe- 
cific printing paper is preferable for the measure- 
ment of the ink densities, because of the following 
reason. The optical reader 21 0 projects a light beam 
from a reference light source on a printed image and 20 
measures the intensity of reflected light from the 
printed image. The higher ink density of the image 
raises the dye density on the printing paper and low- 
ers the reflectivity of the printed image. The optical 
reader 21 0 thus measures the intensity of reflected 2S 
light and obtains the reflectivity, in order to deter- 
mine the ink density. The ink generally includes a 
variety of solvents, such as an alcohol, other than 
the dye. The greater ejecting amount of ink makes 
the surface of printing paper undesirably fluffy due 30 
to the effect of the solvents and changes the reflec- 
tivity. This may lead to an error in the determination 
of the ink density. The use of the specific printing 
paper having a less change in surface condition due 
to the effect of the solvents is preferable to avoid 35 
such an error. 

The same correction coefficient, which has 
been determined in the above manner, may be ap- 
plied uniformly to all the printers. An alternative ar- 
rangement determines a variety of correction coef- *o 
ficients for each ink jet head on its manufacture, 
prints the correction coefficients on the ink jet head, 
and stores the correction coefficients into a non-vol- 
atile memory in the color printer in the process of 
attaching the ink jet head to the color printer or 45 
stores the correction coefficients into a non-volatile 
memory provided in the ink jet head. This arrange- 
ment does not uniformly apply the same correction 
coefficient for all the ink jet heads but sets the cor- 
rection coefficient suitable for each ink jet head, so 
thereby further improving the accuracy of monitor- 
ing the residual quantity of ink. 
(2) Technique of calculating correction coefficients 
based on analysis 

The CPU 81 may analyze the dot data expand- ss 
ed on the RAM 83 by the interlace module 96 and 
calculate the dot pattern correction coefficient Kd 
with high precision as discussed below. 



[0092] Data as shown in Figs. 20A and 20B are ob- 
tained in advance for calculating the dot pattern correc- 
tion coefficient Kd based on the analysis. Fig. 20A 
shows the correction coefficients under the respective 
combinations of the ink temperatures 10°C, 25°C, and 
40° C and the relative driving frequencies of the nozzle 
100%, 50%, and not greater than 33%. The relative driv- 
ing frequency is an index representing the time-based 
frequency of ejecting ink droplets. The concrete defini- 
tion of the relative driving frequency is discussed previ- 
ously. The interpolation equations shown in Fig. 20A are 
used to calculate the correction coefficients at the ink 
temperatures other than 10°C, 25°C, and 40°C. 
[0093] Fig. 20B shows the correction coefficients cor- 
responding to a variety of driving duties of the nozzle. 
The driving duty is an index representing the ratio of si- 
multaneously ejecting ink droplets from one line of noz- 
zles aligned in the sub-scanning direction (see Fig. 7). 
The concrete definition of the driving duty is discussed 
previously. In the example of Fig. 20B, the correction 
coefficients are set corresponding to eight different con- 
ditions, that is, the driving duties of 100% to 13%. The 
data shown in Figs. 20Aand 20B are experimentally ob- 
tained with the measurement apparatus shown in Fig. 
18. 

[0094] Fig. 21 is a flowchart showing a routine of cal- 
culating the dot pattern correction coefficient Kd based 
on the data of Figs. 20A and 20B. When the program 
enters the dot pattern correction coefficient calculation 
routine, the CPU 81 first reads the dot data expanded 
on the RAM 83 by the interlace module 96 at step S300. 
The dot data specifies which of the three different types 
of dots, large, medium, and small, should be used for 
each pixel included in an image. Although the process- 
ing in the flowchart of Fig. 21 does not specifically dif- 
ferentiate the respective types of dots, large, medium, 
and small, but is simply based on the creation or non- 
creation of dots. A preferable modification carries out 
the processing while differentiating the size of the dot. 
[009S] After reading the dot data, the CPU 81 deter- 
mines whether or not a dot is to be created in a target 
pixel at step S302. In the case where no dot is to be 
created in the target pixel, a value '0' is substituted into 
a correction coefficient Kdb at step S304. In the case 
where a dot is to be created in the target pixel, on the 
other hand, the CPU 81 then determines whether or not 
a dot is to be created in a pixel immediately before the 
target pixel at step S306. When a dot is to be created in 
the pixel immediately before the target pixel, it is deter- 
mined that the driving frequency of the target pixel is 
100%. A value '1 .00' is thus set to the correction coeffi- 
cient Kdb according to the data of Fig. 20A at step S308. 
Here it is assumed that the ink temperature is 10°C. 
When no dot is to be created in the pixel immediately 
before the target pixel, on the other hand, the CPU 81 
determines whether or not a dot is to be created in a 
pixel two pixels before the target pixel at step S310. In 
the case where a dot is to be created in the pixel two 
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pixels before the target pixel, it is determined that the 
driving frequency of the target pixel is 50%. A value 
'1 .07' is accordingly set to the correction coefficient Kdb 
at step S312. In the case where no dot is to be created 
in the pixel two pixels before the target pixel, it is deter- 5 
mined that the driving frequency of the target pixel is not 
greater than 33%. A value '1.10' is then substituted into 
the correction coefficient Kdb at step S31 4. The CPU 81 
then determines whether or not the decision has been 
completed for all the input dot data at step S316. When 
the decision has not been completed for all the input dot 
data, the program returns to step S302 to repeat the 
processing. When the decision has been completed for 
all the input dot data, on the contrary, the CPU 81 cal- 
culates the dot pattern correction coefficient Kd based 
on the results of the decision at step S318. 
[0096] The method of calculating the dot pattern cor- 
rection coefficient Kd at step S318 is described con- 
cretely with the drawings of Figs. 22A and 22B. Fig. 22A 
shows an example of dot data input at step S300. The 
actual dot data have a greater data size than that of the 
example of Fig. 22A. For convenience of explanation, it 
is here assumed that the number of nozzles is eight and 
the number of pixels in the main scanning direction is 
16. As mentioned previously, the procedure of this em- 
bodiment does not specifically differentiate the size of 
the dot, and specifies the pixel in which any one of the 
dots is to be created as the value 'V and the pixel in 
which no dot is to be created as the value '0'. 
[0097] The table of Fig. 22 B is obtained by determin- 
ing the driving frequency of each pixel based on the dot 
data of Fig. 22A and writing the corresponding correc- 
tion coefficient Kdb in each pixel. At the time of starting 
the processing of step S318, the CPU 81 obtains such 
data as shown in Fig. 22B. The bottom of the table in 
Fig. 22B shows the driving duties. The method of calcu- 
lating the dot pattern correction coefficient from the driv- 
ing duty will be discussed later. 
[0098] When the program starts the processing of 
step S318 in the flowchart of Fig. 21 , the CPU 81 sums 
up the correction coefficients Kdb with respect to each 
nozzle position. The sum of the correction coefficients 
Kdb is, for example, 10.34 with respect to the nozzle 
position No. 1 and 8.41 with respect to the nozzle posi- 
tion No. 2. The procedure further sums up the sums of 
the correction coefficients Kdb for the respective nozzle 
positions. The total sum of the correction coefficients 
Kdb is 62.16 in the example of Fig. 22B. In the case 
where no correction is carried out by taking into account 
the dot pattern, that is, in the case where the correction 
coefficient Kdb is equal to 1 for all the pixels, the total 
sum of the correction coefficients is equal to 59, which 
represents the number of pixels in which a dot is to be 
created. Consideration of the difference in ejecting 
amount of ink due to the driving frequency, however, 
gives the total sum equal to 62.16. The value obtained 
by dividing the value '62. 1 6' by the number of pixels '59' 
in which one dot is to be created corresponds to the dot 



pattern correction coefficient Kd. The processing of step 
S31 8 in the flowchart of Fig. 21 calculates the dot pattern 
correction coefficient Kd in this manner. 
[0099] In accordance with one possible modification, 
the processing of step S318 may calculate the dot pat- 
tern correction coefficient Kd from the driving duty, in- 
stead of the driving frequency. This modified structure 
determines the driving duty at each serial position (see 
the bottom data in the table of Fig. 22B) based on the 
dot data of Fig. 22A. The structure determines the cor- 
rection coefficient corresponding to each driving duty 
according to the data of Fig. 20B and calculates the sum 
of the correction coefficients. The dot pattern correction 
coefficient Kd is obtained by dividing the calculated sum 
by the number of pixels in which a dot is to be created. 
[01 00] In accordance with another possible modifica- 
tion, the dot pattern correction coefficient Kd may be cal- 
culated from both the driving frequency and the driving 
duty. The processing of step S318 may implement the 
calculation according to this modified procedure. The 
dot data shown in Fig. 22A correspond to the 8 nozzle 
positions and the 16 serial positions and may thus be 
regarded as a matrix of 8 rows and 1 6 columns. A matrix 
of correction coefficients A based on the driving frequen- 
cy and a matrix of correction coefficients B based on the 
driving duty are obtained from this 8x16 matrix. The ma- 
trix of correction coefficients A based on the driving fre- 
quency includes the correction coefficients Kdb of the 
corresponding pixels as the elements. For example, as 
shown in Fig. 22B, the value of the correction coefficient 
Kdb is equal to '1.V at the pixel defined by the nozzle 
position No. 2 and the serial position No. 3. The value 
of the element at the second row and the third column 
is accordingly equal to '1.V in the matrix of correction 
coefficients A based on the driving frequency. The ma- 
trix of correction coefficients A based on the driving fre- 
quency accordingly has the size of 8 rows and 16 col- 
umns. The matrix of correction coefficients B based on 
the driving duty includes the correction coefficients ob- 
tained from the driving duties of the corresponding serial 
positions as the elements. For example, the serial posi- 
tion No. 3 has the driving duty of 50% as shown in Fig. 
22B. The correction coefficient corresponding to this 
driving duty is equal to 1 .08 according to the table of Fig. 
20B. The value of the element at the first row and the 
third column is accordingly equal to '1.08' in the matrix 
of correction coefficients B based on the driving duty. 
The matrix of correction coefficients B based on the driv- 
ing duty accordingly has the size of 1 row and 1 6 col- 
umns. Figs. 23A and 23B respectively show the matrix 
of correction coefficients A based on the driving frequen- 
cy and the matrix of correction coefficients B based on 
the driving duty, which are obtained from the dot data of 
Fig. 22. 

[0101] The procedure then multiplies the matrix of 
correction coefficients A by the matrix of correction co- 
efficients B. Since the matrix A has the size of 8 rows 
and 16 columns and the matrix B has the size of 1 row 
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and 1 6 columns, it is required to multiply the matrix A by 
a transposed matrix tB of the matrix B. This gives a co- 
lumnar matrix of 8 rows and 1 column. The respective 
elements of this resulting matrix have the values on 
which correction based on the driving frequency and the s 
driving duty are reflected as shown in Fig. 23C. The pro- 
cedure sums up the values of the respective elements 
included in this columnar matrix and divides the sum 
'66.9' by the number of pixels '59' in which a dot is to be 
created, so as to obtain the dot pattern correction coef- 
ficient Kd. 

[0102] In the first embodiment discussed above, the 
dot pattern correction coefficient Kd is selected accord- 
ing to the dot data expanded on the RAM 83. One pos- 
sible modification analyzes the driving pulses supplied 
to the piezoelectric elements PE and selects the dot pat- 
tern correction coefficient Kd based on the dot data ob- 
tained from the result of the analysis. 
[0103] Another possible modification uses an optical 
sensor, which directly reads the dot pattern actually 
formed on the printing medium, and selects the ade- 
quate dot pattern correction coefficient Kd based on the 
results of reading. The following describes such modifi- 
cation as a second embodiment according to the 
present invention, mainly a difference from the first em- 
bodiment. 

[01 04] Referring to Fig. 4, the structure of the second 
embodiment includes an optical sensor 38 that is at- 
tached to the carriage 40 of the color printer 20 and op- 
tically measures the intensity of reflected light from the 
surface of the printing medium. A sheet of paper on 
which an image is printed is set on the platen 36 of the 
color printer 20. The carriage 40 is scanned while the 
sheet of paper is fed little by little by the sheet feed motor 
35. The optical sensor 38 attached to the carriage 40 is 
used to read the image printed on the paper. Namely 
the color printer 20 functions as a simple scanner. A sim- 
ple scanner driver 110 shown in Fig. 24 carries out the 
control of the optical sensor 38. The simple scanner driv- 
er 110 transmits data to and from the sheet feed motor 
35 and the carriage motor 30 via the printer driver 92 
and analyzes the data read by the optical sensor 38 to 
generate image data. 

[0105] Fig. 24 shows the software configuration of the 
residual ink quantity monitoring module 100 in the sec- 
ond embodiment according to the present invention. 
The software configuration of the second embodiment 
is substantially similar to that of the first embodiment. 
The main difference is that the residual ink quantity mon- 
itoring module 100 of the second embodiment reads the 
dot pattern data from the simple scanner driver 110, in- 
stead of the interlace module 96. 
[0106] In the structure of the second embodiment, on 
the activation of the printer driver 92, the simple scanner 
driver 110 activates in addition to the residual ink quan- 
tity monitoring module 100. While the printer driver 92 
carries out printing, the simple scanner driver 110 reads 
the dot pattern on the printing paper. The printer driver 



92 occasionally issues an instruction of interruption to 
the residual ink quantity monitoring module 100 and the 
simple scanner driver 110. The residual ink quantity 
monitoring module 100 receiving the instruction of inter- 
ruption carries out a residual ink quantity monitoring rou- 
tine similar to that shown in the flowchart of Fig. 1 4. The 
simple scanner driver 110 receiving the instruction of in- 
terruption, on the other hand, keeps the dot data until 
completion of the input of the dot data into the residual 
ink quantity monitoring module 1 00 and reads the image 
on the printing paper in parallel in the case of the con- 
tinuance of printing. 

[0107] The residual ink quantity monitoring module 
100 of the second embodiment selects the dot pattern 
correction coefficient Kd based on the dot data input in 
the above manner. This arrangement thus improves the 
accuracy of calculation of the ejecting weight of ink and 
enables the residual quantity of ink in the ink cartridge 
to be monitored with high accuracy. 
[0108] The structure of the second embodiment in- 
cludes the optical sensor 38 and thereby enables mod- 
ification of each correction coefficient in the following 
manner. The procedure sets a sheet of specific printing 
paper in the color printer 20 and prints the predeter- 
mined image as shown in Fig. 1 9. The ink density of the 
predetermined image is measured with the optical sen- 
sor 38, and the variety of correction coefficients are de- 
termined for each color printer based on the results of 
the measurement according to the technique discussed 
with Fig. 18. The series of the processing is carried out 
by activating a specific applications program 91 and dis- 
playing the results of the measurement on the CRT of 
the computer 80. 

[0109] As described above, the second embodiment 
modifies the correction coefficients for each color printer 
based on the results of the measurement and thus fur- 
ther improves the accuracy of monitoring the residual 
quantity of ink in the ink cartridge. 
[0110] A simple method discussed below as a third 
embodiment according to the present invention may be 
applied to select the dot pattern correction coefficient 
Kd. Fig. 25 is a flowchart showing a dot pattern correc- 
tion coefficient calculation routine executed in the third 
embodiment. When the program enters the dot pattern 
correction coefficient calculation routine of the third em- 
bodiment, the CPU 81 first reads the printing resolution 
of the color printer 20 at step S400. The color printer 20 
of this embodiment may give the priority of printing to 
either the picture quality or the printing speed, and 
changes the printing resolution to 360 dpi or 720 dpi 
based on the selection. Here 'dpi' is a unit of the printing 
resolution. For example, 360 dpi means that printing is 
carried out at the resolution of creating 360 dots per 
inch. The higher printing resolution generally heightens 
the driving frequency of the nozzle and reduces the ink 
droplet weight. The processing of step S400 thus deter- 
mines which of the printing resolutions the color printer 
20 is selected for printing. 
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[0111] It is then determined how may main scans are 
carried out to complete one raster line at step S402 or 
step S404. As discussed previously, the color printer 20 
has the recording mode in which one raster line is print- 
ed by a plurality of main scans for the improved printing 
quality. The color printer 20 also has another recording 
mode in which the priority is given to the printing speed 
and one raster line is printed by one main scan. In the 
recording mode of printing one raster line by a plurality 
of main scans, the number of ink dots to be created by 
one main scan is reduced. In the recording mode of 
printing one raster line by one main scan, on the other 
hand, the number of ink droplets ejected per unit time 
period is increased. This tends to reduce the ink droplet 
weight. There is a significant difference in ink droplet 
weight between the case of forming one raster line by 
one main scan and the case of forming one raster line 
by two main scans. There is, however, an insignificant 
difference in ink droplet weight between the case of 
forming one raster line by two main scans and the case 
of forming one raster line by three main scans. The 
processing of step S402 or step S404 accordingly de- 
termines whether or not one raster line is formed by one 
main scan (s=1). 

[0112] In the case where the printing resolution is 720 
dpi and one raster line is formed by one main scan, the 
required ink dots are to be created at a high density by 
one main scan. This tends to cause an insufficient sup- 
ply of ink and reduce the size of the ink droplets ejected. 
The CPU 81 accordingly sets a relatively small value 
'0.9' to the dot pattern correction coefficient Kd at step 
S406. 

[01 13] In the case where the printing resolution is 720 
dpi and one raster line is formed by a plurality of main 
scans or in the case where the printing resolution is 360 
dpi and one raster line is formed by one main scan, the 
ejecting frequency of ink droplets is not significantly 
heightened. A value '0.98\ which means that the size of 
the ink droplets ejected is similar to the standard size, 
is set to the dot pattern correction coefficient Kd at step 
S408. In the case where the printing resolution is 360 
dpi and one raster line is formed by a plurality of main 
scans, the lowest ejecting frequency of ink droplets is 
selected among the possible settings of the color printer 
20. A value '1.0\ which means that the size of the ink 
droplets ejected is completely the same as the standard 
size, is set to the dot pattern correction coefficient Kd at 
step S410. 

[0114] The arrangement of the third embodiment cal- 
culates the ejecting weight of ink using the dot pattern 
correction coefficient Kd thus obtained and monitors the 
residual quantity of ink in the ink cartridge. 
[0115] The ink jet head 41 in the color printer 20 has 
a large number of ink ejecting nozzles as shown in Fig. 
7. All the nozzles are, however, not always used for 
printing, but some nozzles have the lower ejecting fre- 
quency according to the type of printing. In the nozzles 
that do not frequently eject ink droplets, the volatile com- 



ponent is released from the ink in the nozzle and the 
viscosity of the ink increases. In some cases, ink drop- 
lets of specific conditions can not be normally ejected 
from these nozzles. When the color printer does not use 
5 for some time, the viscosity of ink in the nozzle gradually 
increases and prevents ink droplets of the specific con- 
ditions from being normally ejected from the nozzle. In 
worst cases, the nozzle is clogged to eject no ink drop- 
lets. When the nozzle is clogged or the ejecting state of 
10 the ink droplets has some scatter between the nozzles, 
the printing quality deteriorates. The color printer 20 is 
thus designed to carry out head maintenance opera- 
tions and enable ink droplets to be ejected stably 
[0116] The head maintenance operations include a 
15 flushing operation, which forcibly ejects ink droplets to 
force the ink of increased viscosity out of the nozzle, and 
a cleaning operation, which utilizes a pump used for a 
supply of ink to suck the ink of increased viscosity out 
of the nozzle. Ink is consumed in either of the head main- 
tenance operations. The structure of monitoring the re- 
sidual quantity of ink by taking into account the amount 
of ink consumption during the head maintenance oper- 
ations further improves the accuracy of monitoring. 
[0117] Fig. 26 is a flowchart showing a residual ink 
quantity monitoring routine carried out by taking into ac- 
count the amount of ink consumption during the head 
maintenance operations. The residual ink quantity mon- 
itoring process by considering the ink consumption due 
to the head maintenance operations is discussed below 
with the flowchart of Fig. 26. 

[011 8] When the user of the color printer 20 gives an 
instruction for carrying out a head maintenance opera- 
tion to the color printer 20 or when the CPU 61 detects 
fulfillment of a starting condition of the head mainte- 
nance operation based on the count of the timer 66 in- 
corporated in the control circuit 60 of the color printer 
20, the color printer 20 starts the head maintenance op- 
eration and simultaneously issues an instruction of in- 
terruption to activate the residual ink quantity monitoring 
routine shown in the flowchart of Fig. 26. The residual 
ink quantity monitoring routine carries out the following 
process while receiving information regarding the head 
maintenance operation from the color printer 20. 
[0119] When an interruption is detected to show that 
the color printer 20 starts the head maintenance opera- 
tion at step S500, the program determines the contents 
of the head maintenance operation at step S502. The 
concrete procedure of step S502 determines whether 
the head maintenance operation of the color printer 20 
is a flushing operation or a cleaning operation. In the 
case of the flushing operation, a flushing condition is 
then detected at step S504. The flushing operation of 
the color printer 20 includes a normal flushing operation, 
which is carried out to prevent the ejecting state of ink 
droplets from worsening or carried out when the wors- 
ening degree of the ejecting state is not significant, and 
a power flushing operation, which is carried out when 
the worsening degree of the ejecting state is significant, 
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for example, when the nozzle is clogged. There is a dif- 
ference in size of the ink droplets forcibly ejected from 
the nozzle between the normal flushing operation and 
the power flushing operation. The processing of step 
S504 determines which of the flushing operations is to 
be executed. The program then counts the number of 
ink droplets ejected during the flushing operation at step 
S506, and calculates the ejecting weight of ink during 
the flushing operation from the counted number of ink 
droplets and the ink droplet weight stored in advance for 
each flushing condition at step S508. When the ink sup- 
ply conditions, such as the temperature of ink and the 
residual quantity of ink in the ink cartridge, have already 
been obtained on the activation of the printer driver 92, 
the program corrects the calculated ejecting weight of 
ink with the variety of correction coefficients, in order to 
improve the accuracy of calculation of the ejecting 
weight of ink. After calculating the ejecting weight of ink 
consumed by the flushing operation, the program up- 
dates the cumulative weight of ink ejection at step S510. 
The concrete procedure of step S510 reads the cumu- 
lative weight of ink ejection stored in the non-volatile 
memory (see steps S200 and S212 in the flowchart of 
Fig. 14), adds the ejecting weight of ink calculated at 
step S508 to update the cumulative weight of ink 
ejection , and stores the updated cumulative weight of 
ink ejection into the non -volatile memory. 
[0120] When it is determined that the head mainte- 
nance operation is a cleaning operation at step S502, 
the pump used for the supply of ink is rotated inversely 
to suck the ink out of the nozzle. The amount of ink con- 
sumed by the cleaning operation is fixed in principle for 
each cleaning operation. The program accordingly sets 
the amount of ink suction measured in advance for each 
cleaning operation to the amount of ink consumption at 
step S512. The program then proceeds to step S510 to 
read the cumulative weight of ink ejection stored in the 
non-volatile memory, add the amount of ink consump- 
tion obtained at step S510 to update the cumulative 
weight of ink ejection, and store the updated cumulative 
weight of ink ejection into the non -volatile memory. 
[0121] As discussed above, the procedure deter- 
mines the ejecting amount of ink during the flushing op- 
eration or the amount of ink consumption during the 
cleaning operation and adds the corresponding value to 
the cumulative amount of ink ejection stored in the non- 
volatile memory. This arrangement enables the residual 
quantity of ink to be monitored by taking into account 
the amount of ink consumed in the course of the head 
maintenance operations. 

[0122] The present invention is not restricted to the 
above embodiments or their modifications, but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. By way of 
example, the software or applications programs realiz- 
ing the above functions may be supplied to a main mem- 
ory or an external storage device of a computer system 



via a communications network, so as to cause the com- 
puter to execute the functions. 
[0123] The scope of the present invention are limited 
only by the terms of the appended claims. 



Claims 

1 . A printer having an ink jet head that ejects ink drop- 
to lets and an ink reservoir that has a predetermined 

capacity to store ink, said ink jet head ejecting ink 
droplets to create ink dots on a printing medium and 
thereby print an image on the printing medium, said 
printer comprising: 

15 

a supply condition detection unit that detects an 
ink supply condition, which affects a supply of 
ink to said ink jet head; 

an ink ejecting number counter that counts an 
20 ink ejecting number ejected by said ink jet head; 

and 

a residual ink quantity monitor that monitors a 
residual quantity of ink remaining in said ink 
reservoir by taking into account the ink supply 
25 condition detected by said supply condition de- 

tection unit, based on the ink ejecting number 
counted by said ink ejecting number counter 
and the predetermined capacity of said ink res- 
ervoir. 

30 

2. A printer in accordance with claim 1 , said printer fur- 
ther comprising: 

an ink weight storage unit that stores in ad- 
35 vance a weight of a single ink droplet ejected 

from said ink jet head in a specified state of the 
ink supply condition as a unit amount of ink; 
wherein said ink ejecting number counter 
counts an ink ejecting number within a preset 
40 time period as the ink ejecting number, and 

said residual ink quantity monitor comprises: 

a ejecting amount calculation unit that calcu- 
45 lates a ejecting amount of ink within the preset 

time period, based on the ink ejecting number 
counted by said ink ejecting number counter, 
the weight of a single ink droplet stored in said 
ink weight storage unit, and the ink supply con- 
so dition detected by said supply condition detec- 

tion unit; and 

a ejecting amount accumulation unit that accu- 
mulates the calculated ejecting amount of ink 
to give a cumulative amount of ink ejection, 
55 said residual ink quantity monitor monitoring 

the residual quantity of ink remaining in said ink 
reservoir, based on the cumulative amount of 
ink ejection and the predetermined capacity of 
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said ink reservoir. 

3. A printer in accordance with claim 2, wherein said 
ink weight storage unit stores a volume of a single 
ink droplet, in place of the weight of a single ink 
droplet, as the unit amount of ink. 

4. A printer in accordance with claim 2, wherein said 
supply condition detection unit measures tempera- 
ture of the ink supplied to said ink jet head. 

5. A printer in accordance with claim 2, wherein said 
supply condition detection unit detects a change of 
a specific condition with time accompanied by the 
ejection of ink droplets. 

6. A printer in accordance with claim 2, wherein said 
supply condition detection unit detects a specific 
condition that depends upon a composition of the 

ink. 

7. A printer in accordance with claim 2, wherein said 
supply condition detection unit detects an amount 
of ink to be supplied to said ink jet head. 

8. A printer in accordance with claim 2, wherein said 
ink jet head ejects ink droplets while changing a rel- 
ative position to the printing medium, and 

said supply condition detection unit detects a 
preset printing resolution as the ink supply condi- 
tion. 

9. A printer in accordance with claim 2, wherein said 
ink jet head ejects ink droplets while moving a rel- 
ative position to the printing medium and thereby 
forms raster lines as lines of ink dots, and 

said supply condition detection unit detects a 
recording mode, which is an index representing a 
number of relative movements required to complete 
one raster line, as the ink supply condition. 

10. A printer in accordance with claim 2, wherein said 
supply condition detection unit detects a dot pattern 
as an array of the ink dots created on the printing 
medium. 

11. A printer in accordance with claim 10, wherein said 
supply condition detection unit detects a relative 
driving frequency, which is an index representing a 
time-based frequency of ejecting the ink droplets, 
as the dot pattern. 

12. A printer in accordance with claim 10, wherein said 
ink jet head enables simultaneous creation of a plu- 
rality of ink dots, and 

said supply condition detection unit detects a 
driving duty, which is an index representing a ratio 
of a number of ink dots created simultaneously to a 
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number of ink dots that can be created simultane- 
ously, as the dot pattern. 

13. A printer in accordance with claim 10, wherein said 
5 ink jet head enables simultaneous creation of a plu- 
rality of ink dots, and 

said supply condition detection unit deter- 
mines whether a number of ink dots created simul- 
taneously fulfills a first recording condition, which is 
10 greater than a preset value, or a second recording 
condition, which is not greater than the preset value, 
as the dot pattern. 

14. A printer in accordance with claim 10, wherein said 
*s supply condition detection unit detects an array of 

the ink dots created on the printing medium by a 
predetermined optical technique. 

15. A printer in accordance with claim 10, said printer 
20 further comprising: 

a head maintenance unit that carries out a plu- 
rality of different types of head maintenance op- 
erations that force said ink jet head to eject ink 
25 droplets, in order to maintain a ink ejecting state 

of said ink jet head, 

wherein said supply condition detection unit de- 
tects a type of the head maintenance operation 
as the ink supply condition. 

30 

1 6. A printer in accordance with claim 2, said printer fur- 
ther comprising: 

a correction coefficient storage unit that stores 
35 in advance correction coefficients correspond- 

ing to a variety of ink supply conditions, 
wherein said ejecting amount calculation unit 
multiplies the ink ejecting number counted by 
said ink ejecting number counter, the weight of 
40 a single ink droplet stored in said ink weight 

storage unit, and the correction coefficient cor- 
responding to the ink supply condition detected 
by said supply condition detection unit, so as to 
calculate the ejecting amount of ink. 

45 

17. A printer in accordance with claim 2, wherein said 
ink jet head enables eject of at least two different 
types of ink droplets having different sizes, 

50 said ink weight storage unit stores the weight 

of each type of ink droplet, and 
said ink ejecting number counter and said eject- 
ing amount calculation unit carry out the corre- 
sponding processes with respect to each type 

55 of ink droplet. 

18. A printer in accordance with claim 2, wherein said 
ink jet head ejects ink droplets of various colors, so 
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as to create ink dots of the various colors, 

said ink reservoir stores a predetermined 
amount of each color ink, and 
said ink ejecting number counter, said ejecting 
amount calculation unit, and said residual ink 
quantity monitor carry out the corresponding 
processes with respect to each color. 

19. A printer in accordance with claim 12, wherein the 
plurality of ink dots that can be created simultane- 
ously by said ink jet head are divided into a plurality 
of groups, based on a specific condition, 

said supply condition detection unit detects the 
driving duty with respect to each group, 
said inkejecting number counter and said eject- 
ing amount calculation unit carry out the corre- 
sponding processes with respect to each 
group, and 

said residual ink quantity monitor sums up the 
ejecting amount of ink calculated for each 
group to give a total ejecting amount of ink and 
accumulates the total ejecting amount of ink, in 
order to monitor the residual quantity of ink. 

20. A printer in accordance with claim 1 , said printer fur- 
ther comprising: 

an ink weight storage unit that stores in ad- 
vance a weight of a single ink droplet ejected 
from said ink jet head in each state of the ink 
supply condition as a unit amount of ink in each 
state of the ink supply condition; 
wherein said ink ejecting number counter 
counts an ink ejecting number in each state of 
the ink supply condition within a preset time pe- 
riod as the ink ejecting number, and 

said residual ink quantity monitor comprises: 

a ejecting amount calculation unit that calcu- 
lates a ejecting amount of ink within the preset 
time period, based on the counted ink ejecting 
number and the unit amount of ink in a detected 
state of the ink supply condition; and 
a ejecting amount accumulation unit that accu- 
mulates the calculated ejecting amount of ink 
to give a cumulative amount of ink ejection, 
said residual ink quantity monitor monitoring 
the residual quantity of ink remaining in said ink 
reservoir, based on the cumulative amount of 
ink ejection and the predetermined capacity of 
said ink reservoir. 

21. A printer in accordance with claim 2, wherein said 
residual ink quantity monitor gives an alarm when 
a difference between the cumulative amount of ink 



ejection and the predetermined capacity of said ink 
reservoir becomes not greater than a predeter- 
mined value. 

5 22. A printer in accordance with claim 2, wherein said 
residual ink quantity monitor visually informs a user 
of a ratio of the cumulative amount of ink ejection 
to the predetermined capacity of said ink reservoir. 

A method of monitoring a residual quantity of ink 
remaining in an ink reservoir, said method being ap- 
plied for a printer having an ink jet head that ejects 
ink droplets and said ink reservoir that has a prede- 
termined capacity to store ink, said ink jet head 
ejecting ink droplets to create ink dots on a printing 
medium and thereby print an image on the printing 
medium, said method comprising the steps of: 

(a) detecting an ink supply condition, which af- 
fects a supply of ink to said ink jet head; 

(b) counting an ink ejecting number ejected by 
said ink jet head; and 

(c) monitoring a residual quantity of ink remain- 
ing in said ink reservoir by taking into account 
the ink supply condition detected in said step 
(a), based on the ink ejecting number counted 
in said step (b) and the predetermined capacity 
of said ink reservoir. 

A recording medium, in which a program for moni- 
toring a residual quantity of ink remaining in an ink 
reservoir is recorded in a computer readable man- 
ner, said program being applied for a printer having 
an ink jet head that ejects ink droplets and said ink 
reservoir that has a predetermined capacity to store 
ink, said ink jet head ejecting ink droplets to create 
ink dots on a printing medium and thereby print an 
image on the printing medium, said program caus- 
ing a computer to carry out the functions of: 

detecting an ink supply condition, which affects 
a supply of ink to said ink jet head; 
counting an ink ejecting number ejected by said 
ink jet head; and 

monitoring a residual quantity of ink remaining 
in said ink reservoir by taking into account the 
detected ink supply condition, based on the 
counted ink ejecting number and the predeter- 
mined capacity of said ink reservoir. 

A printer in accordance with claim 1, wherein said 
ink ejecting number counter counts an ink ejecting 
number within a preset time period as the ink eject- 
ing number, and 

said residual ink quantity monitor comprises: 

an ink ejecting number correction unit that cor- 
rects the inkejecting number counted within the 
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preset time period, based on the ink supply con- 
dition detected by said supply condition detec- 
tion unit; and 

a corrected ejecting number accumulation unit 
that accumulates the corrected ink ejecting s 
number to give a cumulative value of the cor- 
rected ink ejecting number, 
said residual ink quantity monitor monitoring 
the residual quantity of ink remaining in said ink 
reservoir, based on the cumulative value of the 10 
corrected ink ejecting number and a preset val- 
ue corresponding to the predetermined capac- 
ity of said ink reservoir. 
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